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1 
FIRST EDITION 
O F 


DR. s' GRAVESANDE'Ss Iutrodluchion to the 
NEWTONIAN Philoſophy. 


F we compare the Writings of different Philoſophers concern- 
ing Puvsics, we may eaſily ſee that they call different Sci- 
ences by the ſame Name, tho' they all profeſs to explain the 
true Cauſe of natural * Phenomena. And no wonder if they 

diſagree among themſelves, ſince even Mathematicians, who deal 
in Certainties, can hardly be kept from wrangling. 

But that Diverſity of Opinions ſhould not deter us from ſearching 
after Truth ; fince Labour and Study will find it out; and the 
more we are in love with it, the leſs we are liable to Errors, except- 
ing ſuch as human Frailty renders unavoidable. We muſt proceed. 
cautiouſly in Phy/ics, ſince that Science conſiders the Works of ſu- 
preme Wiſdom, and ſets forth, 


+ What Laws JEnovan to himelf preſcrib'd, 
And of bis Work the firm Foundation made, 
When he of Things the firſt Deſign ſurvey'd. 


How the whole Univerſe is governed by thoſe Laws, and how 
the ſame Laws run thro' all the Works of Nature, and are con- 
ſtantly obſerved with a wonderful Regularity. 

We muſt take care not to admit Fiction for Truth, for by that 
means we ſhut out all further Examination, No true Explanation 
Vor. I. &-- ; of. 


* Appearances. 


+ — ua, dum primordia rerum 
Pangeret, omniparens leges wiolare Creator 
Noluit, eternique operis fundamina fixits. 
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VF 
of Phænomena can ſpring out of a falſe Principle: And what 


a a vaſt difference there is betwixt learning the Fictions of whimſi- 
cal Men, and examining the Works of the moſt wife God ! Since 


an Enquiry into divine Wiſdom, and the Veneration inſeparable 
from it, is to be the Scope of a Philoſopher ; we need not enlarge 
upon the Vanity of reaſoning upon fictitious Hypotheſes, 

Nature herſelf is therefore attentively and inceſſantly to be exa- 
mined with indefatigable Pains. That way indeed our Progreſs 
will be but ſlow, but then our Diſcoveries will be certain ; and of- 
tentimes we ſhall even be able to determine the Limits of 
human Underſtanding. ; | 

What has led moſt People into Errors, is an immoderate Deſire 
of Knowledge, and the Shame of confeſſing our Ignorance ; but 
Reaſon ſhou'd get the better of that ill-grounded Shame, ſince there 
is a learned Ignorance that is the Fruit of Knowledge, and which 
is much preferable to an ignorant Learning. 

Natural Philoſophy is placed among thoſe Parts of Mathema- 
tics, whoſe Object is Quantity in general. Mathematics are divid- 
ed into pure and mixed. Pure Mathematics enquire into the ge- 
neral Properties of Figures and abſtracted Ideas. Mixed Mathe- 
matics examine Things themſelves, and will have our Notions and 
Deductions to agree both with Reaſon and Experience. 

Phyſics belong to mix'd Mathematics. The Properties of Bodies, 
and the Laws of Nature, are the Foundations of mathematical Rea- 
ſoning, as all that have examined the Scope of the Science will 
freely confeſs. But Philoſophers do not equally agree upon what 
is to paſs for a Law of Nature, and what Method is to be followed 
in queſt of thoſe Laws. I have therefore thought fit in this Pre- 
face to make good the Neutonian Method, which I have followed 
in this Work. What that Method is, I have briefly ſet down in 
the firſt Chapter. | 

Phyſics do not meddle with the firſt Foundation of Things. 
'That the World was created by G O D, 1s a Poſition wherein Rea- 
ſon fo perfectly agrees with Scripture, that the leaſt Examination 
of Nature will ſhew plain Footſteps of ſupreme Wiſdom. It is 
confounding, and overſetting all our cleareſt Notions, to aſſert that 
the World may have taken its Riſe from ſome general Laws of 
Motion, and that 17 imports not what is imagined concerning the 
firſt Diviſion of Matter. And that there can hardly be any thing ſup- 


poſed, from which the ſame Effect may not be deduced by the ſame 


Laws of Nature: and that for this Reaſon; That fince Matter 
ſucceſſroely 
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the Firſt Edition. 
fucceſſively aſſumes all the Forms it is rapable of by means of thoſe 


Laus, if we conſider all thoſe Forms in order, we muſt at laſt come 0 
that Form wherein this preſent World was framed ; fo that we have 


no Reaſon in this Caſe to fear any Error from a wrong Suppoſition. 


This Aſſertion, I fay, overthrows all our cleareſt Notions, . as has 
been fully proved by many learned Men; and is indeed ſo unrea- 


fonable, and ſo injurious to the Deity, that it will ſeem unworthy 
of an Anſwer to any one that does not know that it has been main- 


tain'd by any antient and modern Philoſophers, and ſome of them 
of the firſt Rank, and far removed from any Suſpicion of Atheiſm, 

Then firſt laying it down as an undoubted Truth, that God has 
created all Things, we muſt afterwards explain by what Laws 
every thing is governed, and to mention only the Moon, we muſt 
explain, why 


* The Silver Moon runs with unequal Pace, 
Which yet Aſtronomers could. never trace, 
Or fix in Number her uncertain Place. 
What Force her Apſides has forward driven, 
And make her Nodes recede i'th* Starry Heaven, 
What is her Pow'r to agitate the Sea, 

Whoſe various Tides her Preſence ſtill obey ; 
When th' Ocean ſwells its topmoſt Banks to lave, 
Or ebbs from weedy Shores with broken Waves, 
Leaving the Sands, the Sailor's Terror bare 


In order to explain more fully which way we trace out the 
Laws of Nature, we muſt begin by ſome previous and preparatory 


Reflexions. 
What Subſtances are, is one of the Things hidden from us. We 


know, for inſtance, ſome of the Properties of Matter, but we are 


abſolutely ignorant in what Subject they are inherent. 
Who dares affirm that there are not in Body many other Proper- 


ties, Which we have no Notions of? And whoever could certainly 


know, that beſides the Properties of Body which flow from the 


AG | Eflence- 


— Qua cauſa argentea Phebe 
Paſſibus haud equis graditur ; cur fubdita nulli 
Hactenus Aftronomo numerorum fræna recuſet. 

Cur remeant Nodi, curque Auges progrediuntur. 

— — Duantis refluum vaga GO nthia fontum 
Viribus impellit, dum fractis flutibus ulvam 
Deſerit, ac nautis ſuſpectas nudat arenas 

A ternis wicibus ſuprema ad littora pulſans. 
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Eſſence of Matter, there are not others depending upon the free 
Power of G OD, and that extended and ſolid Subſtance (for thus 
we define Body) is endowed with ſome Properties without which 
it could exiſt ? We are not, I own, to affirm or deny any thing 
concerning what we do not know. But this Rule is not followed 
by thoſe, who reaſon in phyſical Matters, as if they had a complete 
Knowledge of whatever belongs to Body, and who do not ſcruple 
to affirm, that the few Properties of Body which they are ac- 
quainted with, conſtitute the very Eſſence of Body. 

What do they mean by ſaying, that the Properties of Subſtance 
conſtitute the very Subſtance? Can thoſe Things ſubſiſt when 
joined together, that cannot ſubſiſt ſeparately ?* Can Extenſion, Im- 
penetrability, Motion, &c. be conceived without a Subject to 
which they belong ? And have we any Notion of that Subject ? 

We muſt give up as uncertain what we find to be ſo, and not 
be aſhamed to confeſs our Ignorance. Tho' we need not fear 
being too bold in affirming, that a Subje& altogether unknown to 
us may perhaps be endowed with ſome unknown Properties. And 
thoſe Men, who, at the ſame time that they ſay, conformably to 
this Axiom, that we muſt. not reaſon about Things unknown, lay 
it down as a Foundation of their Reaſoning, that nothing relating 
to Body is unknown to us, are beholden to meer Chance, if they 
are not miſtaken. Te 

The Properties of Body cannot be known @ priori; we muſt 
therefore examine Body itſelf, and nicely conſider all its Properties, 
that we may be able to determine what natural Effe cts do flow 
from thoſe Properties. | | 

Upon a further Examination of Body, we find there are ſome 
general Laws, according to which Bodies are moved. It is paſt 
doubt, for inſtance, that a Body once moved continues in motion: 
That Reaction is always equal and contrary to Action. And ſe- 
veral other ſuch Laws concerning Body have been diſcovered; 
which can no way be deduced from thoſe Properties that are ſaid to 
conſtitute Body; and ſince thoſe Laws always hold good, and upon 
all Occaſions, they are to be looked upon as the general Laws of 
Nature. But then we are are at a loſs to know, whether the 
flow from the Eſſence of Matter, or whether they are deducible 


from Properties, given by G OD to the Bodies which the World 


conſiſts of, but no way eſſential to Body; or whether finally thoſe 
Effects, which paſs for Laws of Nature, do not depend upon exter- 
Hal Cauſes, which even our Ideas cannot attain to. 


Who 
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the Firſt Edition. 
Who dares affirm any thing upon this Point concerning all, or 


any Laws of Nature, without incurring the Guilt of Raſhneſs? Be- 
ſides, whoever examines the Phænomena of Nature will be fully 


perſuaded, that many of its Laws are not yet diſcovered, and that 


many Particulars are wanting towards the compleat Knowledge 
of others. ; 

The Study of Natural Philoſophy is not however to be contem- 
ned, as built upon an unknown Foundation, The Sphere of hu- 
man Rnowledge is bounded within a narrow Compaſs ; and he 
that denies his Aſſent to every thing but Evidence, wavers in Doubt 
every Minute ; looks upon many Things as unknown, which the 


generality of People never ſo much as call in queſtion. But rightly 


to diſtinguiſh Things known, from Things unknown, is a Per- 
fection above the Level of the human Mind. Though many 
Things in Nature are hidden from us, yet what is ſet down in Phy- 
ſics, as a Science, is certain, From a few general Principles 
numberleſs particular Phenomena or Effects are explain'd and de- 
duced by mathematical Demonſtration. For the comparing of 
Motion, or, in other Words, of Quantities, is the continual Theme; 
and whoever will go about that Work any other way, than by ma- 
thematical Demonſtrations, will be ſure to fall into Uncertainties at 
leaſt, if not into Errors. 

How much ſoever then may be unknown in Natural Philoſophy, 
it ſtill remains a vaſt, certain, and very uſeful Science: It corrects 
an infinite Number of Prejudices concerning natural Things, and 
divine Wiſdom ; and as we examine the Works of GOD conti- 
nually, ſets that Wiſdom before our Eyes ; and there is a wide Dif- 
ference betwixt knowing the divine Power and Wiſdom by a meta- 
phyſical Argument, and beholding them with our Eyes every 
Minute in their Effects. It appears then ſufficiently, what is the 
End of Phyſics, from what Laws of Nature the Phanomena are 
to be deduced, and wherefore, when we are once come to the 
general Laws, we cannot penetrate any farther into the Knowledge 


of Cauſes. There remains only to diſcourſe of the Method of ſearch- 


ing after thoſe Laws, and to prove that the three Newton:an Laws, 

delivered in the firſt Chapter of this Work, ought to be followed. 
The firſt is, hat we ought not to admit any more Cauſes of natural 
Things, than what are true and ſufficient to explain their Phano- 
mena. The firſt Part of this Rule plainly follows from what has 
been ſaid above. The other cannot be called in queſtion by any 
that owns the Wiſdom of the Creater. If one Cauſe ſuffices, 1 1 
needleſs 


upon thoſe Occaſions, 


PRE F AC E f 


needleſs to ſuperadd another, eſpecially if it be conſidered, that an 
Effect from a double Cauſe is never exactly the ſame with an Effect 
from a ſingle one. Therefore we are not to multiply Cauſes, till 
it appears one ſingle Cauſe will not do the Buſineſs. In order to 


prove the following Rules, we muſt premiſe ſome general Re- 


flections. | | 
We have already faid, that mathematical Demonſtrations have 


no Standard to be judged by but their Conformity with our Ideas, 


and when the Queſtion is about natural Things, the firſt Requiſite 
is, that our Ideas agree with thoſe Things, which cannot be pro- 
ved by any mathematical Demonſtration, And yet as we have oc- 
caſion to reaſon of Things themſelves every Moment, and of theſe 
Things nothing can be preſent in our Minds befides our Ideas, 
upon Which our Reaſonings immediately turn ; it follows, that 
G OD has eſtabliſhed ſome Rules, by which we may judge of the 
Agreement of our Ideas with the Things themſelves. All mathe- 
matical Reaſonings turn upon the Compariſon of Ideas, and 
their Truth is evidenced by implying a Contradiction in a contrary 
Propoſition. A rectilineal Triangle, for inſtance, 'whoſe three 
Angles are not equal to two right ones, is a thing impoſſible, 
When the Queſtion is not about the Compariſon of Quantities, a 
contrary Propoſition is not always impoſſible. It is certain, for in- 
ſtance, that Peter is living, though it is as certain that he might 
have died Yeſterday : Now there being numberleſs. Caſes of that 
kind, where one may affirm or deny with equal certainty ; it 
follows that there are many Reaſonings very certain, tho' altoge- 

ther different from the mathematical ones. And they evidently 

follow from the Eſtabliſhment of Things, and therefore from the 

pre-determined Will of GOD. For by forcing Men upon the 

Neceſſity of pronouncing concerning the Truth or Falſhood of a 

Propoſition, he plainly ſhews they muſt aſſent to Arguments, which 

their Judgments neceſſarily acquieſce in; and whoever reaſons 

otherwiſe, does not think worthily of G0 D. 

To return to Phyfics : We are in this Science to judge by our 
Senſes, of the Agreement that there is betwixt Things and our 
Ideas. The Extenſion and Solidity of Matter, for inſtance, aſſert- 
ed upon that Ground, are paſt all Doubt. Here we examine the 
thing in general, without taking notice of the Fallacy of our 
Senſes upon ſome Occaſions ; and which way Error is to be avoided 


We 
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We cannot immediately judge of all phyſical Matters by our 
Senſes, We have then recourſe to another juſt way of reaſoning, 
tho' not mathematical. It depends upon this Axiom, (viz.) We 
muſt look upon as true, whatever being deny'd would deſtroy civil 
Soctety, and deprive us of the Means of living. From which Pro- 


poſition the ſecond and third Rules of the Newtonian Method moſt 


evidently follow. 


For who could live a Minute's time in Tranquillity, if a Man 
was to doubt the 'Truth of what paſles for certain, whatever Expe- 
riments have been made about it ; and if he did not depend upon 
ſeeing the like Effects produced by the ſame Cauſe ? | 

The following Reaſonings, for example, are daily taken for 
granted as undoubtedly true, without any previous Examination ; 


| becauſe every body ſees that they cannot be called in queſtion 


without deſtroying the preſent Oeconomy of Nature. 

A Building, this Day firm in all its Parts, will not of itſelf run 
to Ruin To-morrow, That is, the Coheſion and Gravity of the Parts 
of Bodies, which I never ſaw altered, nor heard of having been altered 
without ſome intervening external Cauſe, will not be altered To-night, 
becauſe the Cauſe of Coheſion and Gravity will be the ſame To-mor- 
row as it is To-day. W ho does not ſee that the Certainty of this Rea- 
ſoning depends only upon the Truth of the forementioned Principle ? 

The Timber and Stones of any Country, which are fit for a Build- 
ing, if brought over here, will ſerve in this Place, except what 
Changes may ariſe from an external Cauſe ; and I ſhall no more fear 
the Fall of my Building, than the Inhabitants of the Country, from 
whence thoſe Materials were brought, would do, if they had built a 
Houſe with them. Thus the Power which cauſes the Coheſion of 
Parts, and that which gives Weight to Bodies, is the ſame in all 


Countries. 


T have uſed ſuch kind of Food for ſo many Years, therefore I will 
uſe it again To-day without fear. 

When I fee Hemlock, I conclude it to be poiſonous ; tho" I never made 
an Experiment of that very Hemlock T ſee before my Eyes. 

All theſe Reaſonings are grounded upon Analogy ; and there is 
no doubt but our Creator has, in many Caſes, left us no other way 
of Reaſoning, and therefore it is a right Way. But the Foundation of 
Analogy is this, That he Untverſe is govern'd by unchangeable Laws. 
Which being once admitted, we may afterwards make uſe of the 
!ame Method in other Matters, where no abſolute Neceſſity forces 
us to reaſon at all, When an Argument is good in one Caſe, there 


18 


Vil 


PR RN A E 0 


is no reaſon why we ſhould refuſe our Aſſent to it in another. For 
who can conceive that Things proved the ſame way are not equally 
certain ? Beſides, tho' we conclude in general, that this Method of 
Reaſoning is right from the Neceſſity of uſing it, yet it does not 
follow that particular Reaſonings depend upon that Neceſſity. I 
conclude from Analogy, that Food is not poiſonous ; but is that 
Argument only good when I am hungry ? | 

In Phyſics then we are to diſcover the Laws of Nature by the 
Phenomena, then by Induction prove them to be general Laws; 

all the reſt is to be handled mathematically. Whoever will ſeri- 

ouſly examine what Foundation this Method of treating Phyſics is 
built upon, will eaſily diſcover this to be the only true one, and 
that all Hypotheſes are to be laid aſide. 

So much for the Method of Philoſophizing. I have now a Word 
to ſay of the Work itſelf. 

The whole Work is divided into four Books. The firſt treats 
of Body in general, and the Motion of ſolid Bodies. The ſecond 
of Fluids. What belongs to Light is handled in the third. The 
fourth explains the Motion of celeſtial Bodies, and what has. a Re- 
lation to them on Earth. The two firſt Books are contain'd in 
this Tome. 

In order to render the Study of Natural Philoſphy as eaſy and as 
agreeable as poſſible, I have thought fit to illuſtrate every thing by 
Experiments, and to ſet the very mathematical Concluſions before 
the Reader's Eyes by this Method. 

He that ſets forth the Elements. of a Science, does not promiſe 
the learned World any thing new in the main; therefore I thought 
it needleſs to point out where what is here contained is to be 
found. I have made my Property of whatever ſerved my Purpoſe; 
and I thought giving Notice of it, once for all, was ſufficient to 
avoid ſuſpicion of Theft. I had rather loſe the Honour of a few 
Diſcoveries, diſperſed here and there in this Treatiſe, than rob an 
one of theirs. Let who will then take to himſelf what he thinks 
his own, I lay claim to nothing. 

As to the Machines which ſerve for making the Experiments, I 
have taken gare to imitate ſeveral from other Authors, have altered 
and improved others, and added many - new ones of my own In- 
vention. And no wonder I ſhould be forced to that Neceſſity, 
having made Experiments upon many Things never tried perhaps 
by any one before, For Mathematicians think Experiments ſuper- 
» Auous, where mathematical Demonſtrations. will take place: But 
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as all Mathematical Demonſtrations are abſtracted, I do not queſtion 
their becoming eaſier, when Experiments ſet forth the Concluſions 
before our Eyes; following therein the Example of the Engliſb, 
whoſe Way of teaching Natural dry ape 16 gave me occaſion to 
think of the Method I have followed in this Work. I ſhall always 
glory in treading in their Footſteeps, who, with the Prince of Phi- 
loſophers for their Guide, have firſt opened the Way to the Diſ- 
covery of Truth in philoſophical Matters, diſmiſſing all feign'd 
Hypotheſes out of Philoſophy. 

As to the Machines, I will ſay thus much more by way of 
Advertiſement : That moſt of them have been made by a very 
ingenious Artiſt of this Town, and no unſkilful Philoſopher, 
whoſe Name is John Van Muſſchenbroek, and who has a perfect 
Knowledge of every thing that is here explain d. Which Adver- 
tiſement, I ſuppoſe, will not be diſpleaſing to thoſe who may 
have a fancy to get ſome of the ſame Machines made for 


o 


themſelves, 
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"HEN I. int intended to write theſe Elements, my De- 
- © fign, was that my Auditors ſhou'd be able ta recollect, with 
( eaſe, ſuch Things as they had heard more largely explain'd 
and demonſtrated ; and that I might give an Idea of 
Natural Philoſophy, treated of in a mathematical Manner, to ſuch of 
my Readers, who were acquainted only with-the firſt Elements of Geo- 
metry. Moreover, that this Book might be uſeful to Beginners, I 
paſs'd over the more difficult Things, and often mention'd Prepoſitions, 
which I ſaid were prov'd by Geometricians. 
But that the ſecond Edition might be likewiſe of ſervice to ſuch of 
my Readers as were better acquainted with Mathematics, I annex d 
the mathematical Demonſtrations of all ſuch Propoſitions, in the Scho- 
liums to thoſe Chapters, in which they are mention'd. And leſt this 
ſhou'd confound atber Readers, I took care to have them printed in a 


ſmaller Character. Yet IT ſo diſpos d of the whole, that what is prin- 
ted in a greater Character makes a kind of feparate Treatiſe, 


Likewiſe in the Scholiums I deliver'd ſome other Things, which 
cou'd not well be treated of in the Body of the Work, tho they relate 
to what is _ n'd, or ſerve by way of Hluſtration. 

The ſecond Edition is, alſo in other reſpects, more full and more 


accurate. 


Many new Machines, and old ones improv'd, are exhibited in the 
Plates; and the Experiments, and their Succeſs, are ſet forth in this 
Edition with greater Care. | 


For we have here ikewiſe more fully explain'd, and have deliver'd, 
ſupported, and illuſtrated, with ſeveral new Experiments, our New 
Theory of Percuſſion, which is founded upon Leibnitz's er rather 
Huygens's Doctrine of innate Forces. 

It was never my Way, nor is it now, however I may be provoR'd, to 
quarrel about the Truth. That which appears true to me, I defend 


according 
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according to my beſt Ability, when there is occaſion ; and to remove 
all Appearance of Contention, as much as J am able, I have ſo en- 
deavour'd to propoſe the Arguments which ſeem to me to be the Foun- 
dation of the fore-mention'd Theorys, that Anſwers to Difficulties may 
from thence be eaſily drawn ; and I have undertaken to anſwer but a 
few directly: And I leave the Reader to judge, whether the Theories 
of Forces, and Percuſſions, as well as of Reſiſtances and Retarda- 
tions, of Bodies mov'd in Fluids, don't exactly agree with the Phano- 
mena, and with one another. | 

As for my Work, every one may make uſe of it as he pleaſeth, ſo 
that he does not think that I am bound to anſwer whatſoever may be 
objected. As long as I lool upon thoſe Things to be true which I have 
written, I think I may very juſtly be ſilent. : 

Altho' in many Things relating to the fore-mention'd Theories, I 
differ in my Opinion from Six I8aac NEwToN, yet I made no 
ſeruple to keep the Title of an Introduction to the Newtonian Philo- 
ſophy, and to prefix it to the ſecond Edition. For we illuſtrate many 
Things in this Book by what is deliver'd by that excellent Philoſopher ; 
and many Things, here explain d, have a Tendency to make S1R 
Isaac NxwToN's philoſophical Works, which deſerve to be for ever 


celebrated by the greateſt Philoſophers, and read by all with Admira 


tion, the more eafily under flood. 

Hie only, who in Phyſics reaſons from Phanomena, rejecting all 
feign'd Hypotheſes, and purſues this Method inviolably to the beſt of 
bis Power, endeavours to follow the Steps of Sir Iſaac Newton, and 
very juſtly declares that he is a NR] TONMIAN Philoſopher ; and not 
| be, who implicitly follows the Opinion of any particular Perſon. 


But that the Additions, and Emendations, of this Edition, might be 


of ſervice to thoſe who have the firſt Edition 22 I have taken 
care to publiſh a ſeparate Supplement : In which, that I might be uſe- 
ful to thoſe ⁊ꝛubo have the firſt Edition, I have done all that I cou'd, 


but not what I wou'd have done, In the Supplement I have given 


Deſcriptions of all the new Machines, the Additions, and Propoſitions 
changed. But I cou'd not put into the Supplement, either the Im- 
provements of the Machines, or thoſe Things, by which, what is con- 
tain'd in the firſt Edition, is either illuſtrated, or more clearly and ac- 


curately expreſs d: A compleat Supplement wou'd have given the 


Reader too much Trouble, and been too expenſive. 
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To THis 


THriRD EDITION. 
| Y Intention, in writing this Book, was to give the Ma- 
| thematical Elements of Natural Philoſophy. For this 
| Reaſon I have choſen to treat of Things, in which what 

was certain might, in my Opinion, be ſeparated from 


what was doubtful ; and I thought I might fairly omit what was 
deduc'd from feign'd Hypotheſes. 

I don't deny but that Hypotheſes may open the way to Truth; 
but when that is prov'd to be true, which before was only ſuppos'd, 
there is no longer any room for Hypotheſes. 

It is commonly ſaid, at this time, F the Cauſe, which J imagine, 
ſhou'd not be true, there wou'd be no Cauſe, 

But this remains to be prov'd ; for tho' we are unable to find 
out another Cauſe, it does not thence follow. that there is no other 
Cauſe ; becauſe. that kind of Proof, which excludes all poſſible 
Cauſes, in treating of Nature, our Knowledge of which is very 
much limited, is very difficult. 

Some endeavour to defend Hypotheſes upon different Principles. 
They argue, that all our Knowledge of natural Things is imper- 
fect; that our firſt Reaſoning about them is built on Hypotheſes; 
and that that Analogy, without which we can diſcover nothing in. 
Phyſics, is to be referr'd to Hypotheſes. 

To thefe I have given an Anſwer in the preceeding Preface of 
the Year 1719. Afterwards, when. I was oblig'd to ſpeak pub- 
lickly, in the Univerſity, . I again conſider'd this very Subject, and 
treated more diſtinctly of the Motives of Perſuaſion, in that Place 
where I ſpeak of Bodies; this Diſcourſe, tho' made publick, is 
annex'd to this Preface, to remove all Doubt that may yet remain. 

The Defenders of Hypotheſes often likewiſe make uſe of Argu- 
ments, which are call'd Argumenta ad hominem, but this I have no- 
thing to do with; for if any one ſhall make it appear that I have 
made uſe of one or two Hypotheſes, it will not from thence follow 


that 
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that Hypotheſes are to be admitted ; at leaſt I wou'd not allow this 


Concluſion myſelf, but wou'd reje&t them. 
Beſides the general Deſign juſt mention'd, J intended moreover 
this particularly, vis. to join Mathematical Demonſtrations with 


Experiments; and ſo diſpoſe the whole, that it might make a Syſtem, 


and contain an Introduction to a deeper Knowledge in Phyſics. 

There was no want of Authors, who had made Experiments, 
but moſt of them were not to my purpoſe ; and ſuch as wou'd 
have been of ſervice to me, I cou'd no where find. 

Moſt of thoſe, who have treated of Phyſics, which may be trea- 
ted of in a mathematical way, have not concern'd themſelves about 
Experiments, which might have been of uſe to illuſtrate their De- 
monſtrations. And thoſe, who have turn'd their Minds. to Experi- 


ments, have buſied themſelves chiefly about thoſe Experiments to 
which Mathematics can't lead one, and have not an intimate Con- 


nexion with them. 


Thoſe Courſes of Experimental Philoſophy were much more to 


our purpoſe, which were given about that time at London by the 
learned Dr. Job. Theoph. Deſaguliers, and Francis Haukſbee jun. 
the Experiments of the latter being explain'd by the learned Mr. 
William M hifton. | 


They were all explain'd in good Order, and together made a kind 


of a Body of Philoſophy ; but had reſpect to the firſt Principles 
only, and the more obvious Matters : and the firſt of theſe Courſes 
was contain'd in thirty two Lectures, the laſt in twenty. fix. 

But for myſelf, my Deſign was more extenſive, and I propos'd 
to conſider many Things about which Experiments had never be- 


fore been made, as J mention'd in the foregoing Preface, where I 


have gwen an Account of what belongs to the firſt Edition. 

I ſpoke of the ſecond Edition in the Advertiſement to the 
Reader, prefix'd to- that Edition, which is likewiſe found before 
this Preface. | 

I wou'd willingly have comprehended in a ſeparate Supplement 
what has been added or alter'd in this Edition, which might have 


been of ſervice to thoſe who have the ſecond Edition, or the firſt 


with its Supplement; but ſuch a Supplement wou'd have been too 
| bulky, ſince this Book is ſo alter'd and inlarg'd, that it may well 
be look'd upon as a new Work. | 

But I have kept the ſame Order, except that I have here divided 
the whole Work into fix Books, which before was only divided 


into 
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into tour ; becauſe this Diviſion was, I thought, more commodious 
for the preſent Diſpoſition of Things, 

There is alſo the ſame Matter, to which the late Additions are 
referr d; and tho' I have treated of but few Things, which are not 
explain'd by others, yet had I no Intention to take off my Readers 
from the Study of other Authors : every one has a Method of his 
own, and different People different ones. 

No one can get a thorough Knowledge of a Science, unleſs he 
compares different Treatiſes upon it; which I wou'd have fo un- 
derſtood, as that a Perſon ſhou'd make choice of ſome Author, and 
by taking him for a Guide, firſt gain a general Knowledge of 
the Science, then a more particular one. Afterwards let him read 
other Authors, and ſeveral Treatiſes with the ſame Care, paſſing 
over ſuch Things only, as he meets with elſewhere ; and at laſt 
come to peculiar Treatiſes. | 

I have made it my Buſineſs to be ſerviceable to thoſe chiefly, 
who take this Method in their Studies: Therefore I have endea- 
vour'd to illuſtrate (at leaſt with new Demonſtrations) what ma 


be met with elſewhere, and have omitted, as often as I well cou'd, 


what has been deliver'd by others, that the Authors themſelves 
might be conſulted about it : For it was my. Intention to give an 
Introduction to the underſtanding of thoſe Things, which have 
been deliver'd by others, eſpecially ſuch as require a deeper Re- 
ſearch, as are many new Things daily made publick. For many ex- 
cellent Philoſophers have lately taken great pains in the Study of 
mathematical and experimental Philoſophy, and do make continual 
Improvements in it. | 
This appears from the yearly. Tranſaftions of the many Acade- 
mies which have been erected in ſeveral Parts of Europe, in the 
foregoing and preſent Ages, to the Improvement of theſe Sciences. 
Beſides thoſe, whoſe Writings are found in theſe Tranſactions, 
we have daily Teſtimonies and Proofs of the Advantage of joining 
'Mathematics and Experiments together from thoſe celebrated Men, 
Polenus, Deſaguliers, Bernoulli, Wolfus, Muſſchenbreek, and ſo many 
more, that it wou'd be tedious to mention them. To the Mathe- 
matico-phyſical Writings of theſe we may add what has been left 
about theſe Things by Galileus, Torricelli, Gulielmini, Mariotte, 
Huygens and many others, who have wrote about the particular 
Parts of Mathematics, belonging to Phyſics, and ſome of which J 
ſhall refer to in what follows, 


But 
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But among thoſe, who have illuſtrated Phyſics by mathematical 
Demonſtrations and Experiments, Sir 1/aac Newton is to be reckon'd 
the Chief, who has demonſtrated, in his mathematical Principles of 
Natural Philoſophy, the great Uſe of Mathematics in Phyſics, inaſ- 
much as no one before him ever penetrated ſo deeply into the Se- 
crets of Nature. 

In Optics he has compos'd a new phyſical Syſtem, and altho' 
what he has deliver'd is very ſurprizing, yet the Strength of his 
Genius chiefly appears in that Art, by which he open'd himſelf the 
way, which he conſtantly follow'd, as if he bad been led by 
Ariadne's Clue of Thread, until he put in execution what he had 

ropos'd. 
, His Experiments have a kind of Connexion one with another; and 
from one Experiment he has often, with great Subtilty, deduc'd 


what was to be try'd next, ſo as to enable him to come nearer to 
the Mark. 


It is plain that what I have already ſaid about ** ſuch 


Things as are found elſewhere omitted by me, is to be underſtood 
under a Limitation; for moſt of what I deliver, is explain'd in other 
Authors ; but in this Caſe, I faid I wou'd bring a new Demonſtra- 
tion, vig. when it beſt ſuited my Deſign: for where another's 
Demonſtration explains a thing more clearly, without doubt it is 
fit to make ule of it, and it wou'd be abſurd to do otherwiſe ; but 
then this is not to be done frequently, for this wou'd tire the greater 
part of my Readers. 

In this Edition there are. many Machines added, and others ſo 
improv'd, that they may be almoſt all look'd upon as new ; but as 
many of them are often made for the Uſe of the others, I have ex- 
plain'd theſe and their Uſes with greater Care ; and I thought I was 


bound to do this upon their account, who may make uſe of them 


now or hereafter. 


In the former Editions I have not mention'd where that is to be 
found which I have taken from others, which I perceiv'd diſpleas'd 
many; but I will do what they require, if they think it neceflary, 
and briefly run over the whole Work, and endeavour to call to 
mind, where thoſe Things, which are not mine, are to. be found ; 
and 1 will likewiſe refer the Machines to their Inventers ; tho' there 
are tew in this Edition taken from others. 

All I require is, that if. I ſhou'd have omitted any "TSR the 
Reader wou'd think 'twas without deſign, 
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The firſt Book contains three Parts. In the firſt I examine into 
the general Properties of Bodies, which are commonly known. 

In Schol. I. Chap. IV. I endeavour to illuſtrate the Diviſibility 
of Matter, by the Conſideration of the logarithmick Spiral; the 
Properties of which were firſt demonſtrated by Walls *, 
Barrow +, and James Bernoulli]. | 

I ſhew by the bye, in a particular Caſe, what Angle the Tangent 
makes with the Radius ; but there is an Error in the ſecond Edi- 
tion, which is corrected in this. 

This Determination depends upon the Solution of this Problem. 
The Center being given, and two Points taken at pleaſure, in the ſaid 
Spiral, together with the Number of Revolutions between the Points 


given, whether this Number be an Integer or a Fraction, to find out 


the Angle, which the Tangent makes with the Radius. 
The Solution is very eaſy, tho' at firſt View it appears difficult. 
For if we ſuppoſe the Curve in queſtion, keeping one of the given 
Points, with the Tangent to that Point, and alſo the Ordinates, to 
be chang'd into the common Logiſtick, whoſe Aſymptote ſhall paſs 
thro' the Center, and be perpendicular to the Radius paſſing thro' 
the Point that is kept, it will immediately appear without any Cal- 
culation, how by the Rule of Proportion, making uſe of the Tables 
of Logarithms and Tangents, we may have the Tangent of the 
Angle ſought, | 
What we have explain'd in the third Scholium of the ſame 


Chapter, concerning the Claſſes of Infinites, is from Sir Jaac 


Newton , but I have added the Demonſtration in my Edition 
of the Year 1725, which is here repeated. $642k 

The 5, 6, and 7thExperiments of the Vth Chap. are Hauk/bee's * x, 
the 11, 12, 13th are deſcrib'd by Mariotte FF the reſt are com- 
monly known. Many have wrote concerning the Cauſes of theſe 
Phenomena ; but I have endeavour'd to illuſtrate them in the Scho- 
liums, from other Principles; wherefore the Reader muſt not be 


fatisfy'd with what others have deliver'd about this matter. 


What is mention'd in Chap. VI. is commonly known. 

In the ſecond Part of Book I. I treat of the Actions of Powers, 
but of ſuch as are deſtroy'd by the contrary Actions of other Powers ; 
1. e. this ſecond Part treats of Equilibrium only. 


There 


* Traftatus de Cycloide ; operum Tom. 1. pag. 560. 
+ Lectio 12. Geom Prob. 4. | | 
Acta Lipſ. 1691. pag. 28 2: ſed præcipuè 1692. pag. 210. 
Schol. Lemm. 10. Libri I. princ. 
** Philoſoph. Tranſact. N. 305. p 2223. N. 336. p. 5 39. N. 332. p. 395 
++ Mouvement des Eaux; part. 2. Diſc. I. 
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There are different Demonſtrations of Mathematics about Equi- 
librium ; but I am pretty certain, that there are but few, in which 
he, who ſhall examine them with Attention, will not find, that 
that is taken for granted which wants proof. Wallis * and ſome 
others have given the true Foundation. 

I treat of this Affair in Chap. VII. and conſider it abſtractly. 

In Chap. VIII. I deliver ſome general Things concerning Gra- 
vity, the chief of what is there ſaid being this, That all Bodies de- 
ſcend with equal Gravity, when they are not hinder'd ; the reſt is 
commonly. known. Og 

This equal Velocity, which has been a Matter of Contention 
among Philoſophers, was firſt demonſtrated by Galileo +, by Ex- 
periments with Lead and Cork. Afterwards Sir Iſaac Newton illu- 
ſtrated it more clearly with Gold, Silver, Lead, Glaſs, Sand, 


common Salt, Wood, Water, Wheat ||. And this has likewiſe been 


confirm'd by Experiments made with a very light Body and Gold, 
in glaſs Receivers, from which the Air has been exhauſted. And by 


ſuch an Experiment I have alſo prov'd what I have aſſerted about 
Gravity. 


. Moſt of the Experiments concerning the Balance and Center of 
Gravity, which are explain'd in Chap. X. are to be found in the - 
Courſes of Haukſbee or afers in lately mention'd. Experi- 


ment 11. is deſcrib'd by Caſſatus in his Mechanics 7. 

Concerning the Center of Gravity Wallis firſt obſerv'd, that this 
Propoſition ſhou'd not be admitted without a Demonſtration, vig. 
That-there is given in every Body a certain Point, about which it 
will be-in Equilibrio in every Situation ; therefore he demonſtrated 
that every Body has a Center of Gravity **. The Demonſtration 
which I have given of this Propoſition is to be found in Scholium I. 
in which I follow Wallis with reſpect to the Determination of the 
Center of Gravity +4. In the ſecond Scholium of this Chapter I 
have given a mechanic Arithmetic. This I did upon account of 
Ca/jinz, who demonſtrated that ſome arithmetical Operations might 
be perform'd by a Balance, whoſe Arms were divided into equal 
Parts I. 

Vor. I. b As 


* Mechan cap. 2. prop. 5. 
+ Mech. Dialog 8 
| Princip. Lib. 3. prop. 6. 
Lib. 1. Cap. 7. 
Mechan. cap. 4. prop. 15. 
++ Ibid. prop. 24. 
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As for the ſimple and compound Machines, of which none is 


made uſe of, but what is common, I need ſay nothing here about 
any of them , except the Wedge. 


There is a ſtrange Difference of Opinions about this Machine. 


Thoſe who have. examin'd into it with the greateſt care are de la 


Hire * and Varignon 


But the Solution of this laſt Author, becauſe he has not ke. 
notice of the Angle of the Wedge, can only be applied to thoſe 
Caſes, in which the Wedge fills the Angle, which is made by the 
ſeparated Parts of the Wood, My Solution is to be found in the. 
Edition of the Vear 1725. 

In the firſt Edition of the Year 1719, I propos'd a Machine, to 
ſhew the Force of the Wedge, which was another's, and but a little 
alter d; afterwards J rejected it becauſe it had too much Friction 2 
and chiefly becauſe it did not ſhew:the Action of the Wedge. 

Therefore I gave a new one in the following Edition, which is. 
more diſtin&ly exhibited and explain'd in this. 

After the Machines I treat of oblique Powers. In the foregoing 
Editions I have immediately conſider' d the Point, which is drawn 
by three Powers, and is at reſt ;. and I gave Yar:gnon's Demonſtra- 
tion || ; afterwards I deduc'd the Reduction of an oblique Power to 
a direct one out of it. 

I have now chang'd the Order, becauſe the ſecond Propoſition is 
more ſimple, and very eaſily demonſtrated ; if we apply two direct 
Powers to a bended Lever, one of which is always oblique in reſpect. 
of the other. From this Reduction I afterwards eaſily deduce 
what Has relation to a Point drawn by three Powers, and reduce: 
the Propoſition to Yarignon's Triangle. 

I can't call to mind whoſe Demonſtration that by the Bended 
Lever is, which deſerves to be,efteem'd on account of its Simpli- 
city; but it is not mine. 

Mer ſennus has likewſe treated of a Point, drawn by three Powers, 
and demonſtrated the Proportion between theſe to be the ſame as 
that between the Sides of a Triangle, whoſe Conſtruaion he 
ſhews T. This is like the Triangle of Varignon, which I uſe, be- 
cauſe the Conſtruction of this is eaſier. 

In the foregoing Editions I have given a Machine to demon- 
{trate the Powers, when more than three draw the ſame Point, 


which 


* Mechan. Chap du Coin. 
+. Mechan. Sect 8. 


. Projet d'une nouve Mech. Le meme. 3. & prob. pag. 23. 
Phænom. baliſtica, prop. 6. 
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which I have alſo given here, becauſe it is very ſimple. But J have 


added a new one, which is more complex, but its Uſe is very ex- 


tenſive, tho” in theſe Elements I do not treat of the intricate Caſes 
.of oblique Forces, to which this Machine may be applied. 


The third Part of Book I. treats of the Actions of Powers on 
Bodies, which are not retain'd. 


Galileo's Doctrine of the Deſcent of heavy Bodies is explain'd 


in Chap. XVIII. and XIX. 

In Chap. XX. I treat of Pendulums. Many Things, and in- 
deed the chief Things, which are found in this Chapter, or its 
Scholia, are from Huygens *, but otherwiſe demonſtrated. Many 
Things are to be found here about the Cycloid, yet Huygens is not 
the firſt that found out this Curve; it was known to Galileo, and 
there has been much Diſpute about thoſe who found out its chief 
Properties +. But Huygens diſcover'd this Property, viz. That the 


Deſcent in a Cycloid is always made in the ſame time. He like- 


wiſe was the firſt who gave the Evolute of this Curve, by help of 


.which he ſhew'd the Way in which the Pendulum mov'd. Be- 


fore his Time this kind of Curve was unknown to Mathematicians. 
Huygens was alſo the firſt who treated of the Center of Oſcillation. 
In the ſecond Edition I gave a Demonſtration of this Center, de- 
duc'd from the general Theory of Compreſſions, which may be 
found in this alſo; and this was then ſufficient, becauſe I only con- 
ſider'd Bodies applied to the ſame Line. But now many Things 


are added both in the Subject and Scholia, which are of uſe in 


what follows; wherefore the Center of Oſcillation ſhou'd be de- 
termin'd likewiſe in other Caſes, which when I cou'd not do from 
the Theory of Compreſſions alone, without a more intricate De- 
monſtration, in N9. 476. I have called to my Aſſiſtance Huygens's 
Principle, from which he has deduc'd all the Demonſtrations of the 


Center of Oſcillation. 


In the laſt Scholium I demonſtrate a Cycloid to be a Line of the 
ſwifteſt Deſcent ; which Property of it was firſt diſcover'd half an 


Age ago, by Jobn Bernoulli, a famous Mathematician, who ſtill 
follows mathematical Studies with the Vigour of a young Man ||. 


Chap. XXI. is entirely new, and relates to Subjects as yet un- 


touch'd by mechanical Writers, tho' they are uſeful, 


b 2 In 
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In Chap. XXII. of the Projection of heavy Bodies after Galileo, 


I demonſtrate, that the way of the Body projected is a conical 


Parabola. In this Chapter J ſolve two Problems, the firſt is, The 
Velocity being given from a given Point, to project a Body to a given 
Point, The ſecond is, From a given Point, to project a Body to a 
given Point, thro a given Point. 

The firſt of theſe is common, and many Solutions of different 
Mathematicians may be ſeen in Blandel *, The Solution which I 
give is Cotes's ; but how eaſily I fell into this Solution, before I 

ad ſeen the Solution of the famous Men mention'd, I have ex- 
plain'd in my Principles of univerſal Mathematics, 

Chap. XXIII. which is the laſt of Book I. treats of central 
Forces. I demonſtrate the chief Huygenian Theorems concerning 
this Motion || ; theſe Theorems were deliver'd by this famous Man 
in the Year 1673, at the End of his Book De Horologio Oſcillatorio. 
I likewiſe illuſtrate thoſe Things, which are to be found concern- 
ing this Motion in Sir Jaac Newton, and many of my. Demonſtra- 
tions have the ſame Foundation with Sir 1/aac's. . 

In the firſt Edition I had explain'd a Machine for comparing of 


central Forces; but the firſt Trial was not very perfect: afterwards 


I often mended it, and at length rejected it; but I have now given 
an Explanation of a new one, .by which the Experiments are very 


accurately demonſtrated. Experiments indeed have been made 
about theſe Forces; Deſaguliers and others made many; but no 


one, as far as I know, has attempted any thing with regard to the 


comparing. the Forces of Bodies ſeparately agitated, before the firſt 


Machine that was propos'd by me. 
In Book II. I trreat of innate Forces, and the Colliſion or Con- 
greſs of Bodies. | 
In Chap. I. I treat of the Nature of Forces; what I have firſt 
demonſtrated of theſe is, that the innate Force infinitely exceeds 
the Compreſſion. This Opinion is not new, altho' many who 
treat of Mechanics, ſpeak of the comparing of theſe Quantities, as 
if it was plain that they might be compar'd. 
Ariſtotle firſt ſhew'd the Difference mention'd ; for he afks, why 
an Ax, when ſtriking, divides, but does not when it only preſſes ? 
This very Queſtion takes it for granted that the Effect of Com- 
preſſion is nothing, at leaſt infinitely ſmall in reſpect of the Effect 


of 
* Art de jetter Jes Bombes. part. 3. Liv. 5. Chap. 5. 6. 7. 


+ Opera miſcellanea p. 87. 
Opera varia p. 188. Opera reliqua Vol. 11. Tom 2. p. 107. 
t Mechanica, Quzft. 20. 
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of Percuſſion ; in the Anſwer alſo nothing elſe is contain'd. For 
this Anſwer, if expreſs'd in other Words, ſignifies, that in one Caſe 
there is only Compreſſion given, in the other Compreſſion with 
Percuſſion. Galileo deduc'd the ſame Concluſion from ſome Ex- 
periments *, But Borelli firſt clearly demonſtrated, that theſe 
Quantities are incommenſurable, and that Percuſſion is infinitely 
great, if it be compar'd with any Compreſſion whatſoever +. 

In the II and III Chap. I treat of the Meaſure of Forces; many 
Authors have wrote of theſe, and two Opinions about them do now 
divide Philoſophers. All grant that the Force follows the Pro- 
portion of the Maſs; but many, where the Velocity is different, 
contend that the Force follows the Ratio of this laſt ; while others 
endeavour to maintain that the duplicate Ratio of the Velocity ob- 
tains here. 

The firſt Controverſy about this Meaſure, tho' indirect, was be- 
tween Huygens and the Abbot Catalan, on occaſion of determining 
the Center of Oſcillation. 

Whoever will examine Huygens's Demonſtration in the fourth 
Part of his Book de Horologto Oſcillatorio, and compare them with 


Catalan's Objections, will evidently ſee that in that Controverſy the 


Meaſure of the Force is treated of. 


Theſe two famous Men conſider the Caſe in which ſeveral Bodies 


join'd together, deſcending with the Force of Gravity alone, and 
then looſed from one another, are carried upwards by the Veloci- 
ties which they have acquir'd ; or ſuch Bodies as deſcend ſepara- 
ted, and aſcend together. Huygens, in conſidering this Caſe, rea- 


ſons from this Axiom, that Bodies cannot aſcend by the Action of 


Gravity ; and demonſtrates, that the Sum of the Products of the 
Weights of the ſeveral Bodies, multiplied by the Heights from 
which they fall, or to which they riſe, is the ſame both before and 
after they are looſed ; that is, when the Weights are ſeparate, he 
ſeeks the Sum of the Products of the Square of the Velocities by 
the Maſſes. Catalan on the contrary reaſons thus: If two equal 
*« Weights ſuſpended ſeparately from the ſame Point, [at unequal 
% Diſtances] and rais'd to the ſame horizontal Plane, which paſſes 
** thro' the Point of Suſpenſion, be ſo let fall as to deſcribe ſimilar 
* Arcs — they will require ſuch Velocities, that their Squares will 
* be one to another, as the Heights whence thoſe Weights deſcend 
perpendicular to the Horizon.” 


* 


. ® Mechan. Dial. 4. in fine. Merſennus Cogit. Phyſ. Mat. Tom. III, Reflex, cap. 23. 
Þ+ De vi percuſſionis, prop. 90. 
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Then, if theſe two Weights be joined by a Line, or an inflexi- 
« ble Rod, the which we ſuppoſe without Weight, and being 
e ſuſpended from the ſame Point at the ſame Diſtances, they be 
« let fall from the ſame Height as before; a Pendulum com- 
« pounded of theſe will acquire as much Velocity as the Sum of 
two ſimple Pendulums would do.” And then immediately adds 
this Reaſon—*< Becauſe the Separation of the Weights does not 
change the Quantity of Motion.” < 

Huygens eaſily demonſtrated, that theſe Principles would lead to 
abſurd Conſequences. For Catalan laid down with the reſt, that 
the Quantity of Motion was proportional to the Product of the Ve- 
locity by the Maſs, (which Proportion the Tranſlation follows; ) but 
Huygens eaſily demonſtrated, that Catalan's Opinion that this 
Quantity did not change, was abſurd. As to the Quantity of Mo- 
tion, he had already ſaid before, what he demonſtrated afterwards, 
in the Congreſs of perfectly elaſtic Bodies, (which he refer'd to 
Bodies perfectly hard) that the ſame Quantity of Motion was not 
preſerv'd ; but that the Sum of the Products of the Squares of the 
Velocities by the Maſſes, was -not chang'd by the Collifion, that 
Sum being the ſame before and after the Stroke : But afterwards 
he ſpoke more generally; when he faid in his laſt Anſwer to 
Catalan, That we muſt by no means take for a Law of Nature, that 

the ſame Quantity of Motion was preſerv'd, unleſs what was ſpent 
and conſum'd in atting on any thing ; but that this was a conſtant 
Law of Nature, that Bodies kept their aſcending Force, (Force 
aſcenſionelle) and therefore the Sum of the Squares of their Veloci- 
ties always remain the ſame, We are to obſerve, that this is under- 
ſtood of equal Maſſes, for Catalan had reduc'd the Queſtion to this 
Caſe, as we have ſeen. 

Before this Controverſy was ended, another aroſe between 
Leibnitz and the ſame Abbot Catalan. Huygens's laſt Diſſertation 
but one was publiſh'd in the Year 1684, and the laſt, from which 
our Quotation is taken, was publiſh'd in 1690. But in the Year 
1686, Leibnitz inſerted a Paper in the Leipzic Acts of March, in 
which he ſubjoin'd theſe Words to the Demonſtration, which he 
had given, .and in which the Heights from which Bodies deſcend, 
and to which they aſcend, are treated of. Hence it appears how 
* the Force is to be eſtimated from the Quantity of the Effect, which 


« it is able to produce; for example, from the Height to which it 


can raiſe a\beavy Body of given Magnitude and Kind, and not 
% from the Velocity which it can give to a Body... Therefore we 
| | | | «K my 7 
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« muſt ſay, that the Forces are in a compound Ratio of the Bodies 
« and the Hetghts, from which falling, they could acquire ſuch Ve- 
e Whence have riſen ſeveral Errors... . Whence 
« alſo, 1 imagine, that it happens, that HUYGENs's Rule concerning 
« the Center of Oſcillation of Pendulums, which is very true, has of 
« late been call'd in queſtion by ſome learned Men.” 

This agrees well enough with the Words of Huygens which we 
have quoted, and which, tho' they were publiſh'd after what we 
have quoted from Leibnitx, only explain thoſe Things, which are 
really contain'd in Huygens's former Writings. Something like this 
often happens; thoſe that go before explain Things ſo, that no- 
thing remains for the Author of a new Invention to do, but to ex- 
plain more diſtinctly, and declare in more expreſs Words, what 
another has only hinted at more obſcurely. I do not deny but that 
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: I Leibnitz is to be eſteem'd the Author of this Meaſure of Forces, 
4 which he explains in the Words which we have quoted from him; 
but I dare fay, that Huygens led him to it. 


vx Catalan, and afterwards Papin, anſwer'd Leibnitz. : Leibnitz © 
XZ replied again, and ſeveral Papers were written upon the Subject. 
I) hen many others conſidered the ſame Queſtion. 
= This is what is treated of in the 2d and 3d Chapters of the 
ſecond Book of this Work; I have added many new Experiments 
to thoſe which I had given in the foregoing Edition, I do not 
contend about Words; but I have undertaken to prove and make out, 
by direct Experiments, theſe. two Things, viz. That fas is not 
communicated to a Body at reſt, but by an Action which muſt be as the - 
Product of the Maſs into the Square of the Velocity, And that the 
Body mov'd never loſes its whole Velocity, unleſs it overcomes the Re- 
fiſtance ; that is, unleſs it produces an Effect, which follows the ſaid 
Ratio. We mean here the entire Action, and that alone, which is 
ſpent in moving the Body; and the entire Effect, and that only, 
which the Body produces whilſt it loſes its Motion. He that de- 
nies: theſe Propoſitions, denies what is evident to Sight: And he 
that agrees to them, and yet affirms that they follow from the 
_ Meaſure of Forces before receiv'd ; I do not diſpute with him: I 
call Force that Power of acting in a Body, which muſt be meaſur'd 
by its whole Effect. Yet I deſire thoſe who make uſe of another 
Meaſure, to conſider whether they can explain not only ſome 
of, but all our Experiments concerning Force and Colliſion. I de- 
fire likewiſe, when they ſhall conſider the Times, in which the 
| | Effects 
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Effects are perform'd, that they may not uſe Fictions inſtead of the 
true Meaſure of the Times; I have deliver'd many Things about 
this Meaſure of the Time in the Scholia. 


As for the Experiments, which relate to the Meaſures of the 
Forces, I ſhou'd obſerve that the noble and learned Fo. Polen: firſt 
immediately demonſtrated by Experiments, that Forces are ſpent 
in producing equal Effects when the Maſſes are to one another in- 
verſely as the Squares of the Velocities *. | | 
In N. 834. I have given this very Experiment of Poleni, mak- 
ing uſe of a Machine, that it may be more accurately perform'd. 
In the ſecond Part of Book II. I treat of the Percuſſion of Bodies; 
about which Philoſophers have for a long time made many Miſtakes. 


At length in the Year 1669, Wallis deliver'd the true Laws, which 


take place in ſoft Bodies, tho' he applies them to thoſe that are per- 
fectly hard; about the ſame time Huygens and Wren did the ſame, 
with regard to elaſtic Bodies 4, tho' they do not ſpeak of 
Elaſticity. 
Of theſe two laſt we have this Account in the Tranſactions of 
the Engliſh Royal Society. Without doubt, neither of theſe learnt 
any thing of the other about that Theory, before they compar'd 
together their Writings ; but it was the beautiful Production of the 
Sagacity of each, | 

Huygens did indeed ſolve, ſome Years before, thoſe Caſes of 
Motion which were then propos'd to him, when he was at London ; 
and plainly ſhew'd that he had then already diſcover'd Rules that 
enabled him plainly to do it. But he will not affirm that he diſ- 
cover'd any thing of his Theory to any of the Engliſb . 

Concerning this Theory I demonſtrate in Chap. V. Book II. 
that it is the ſame with Wallis's, which is to be found in Chap. IV, 
except that it differs in this: vg. That when the Bodies are ela- 
ſtick, the change of Velocity from the Stroke is double of that 
which takes place, when they are not elaſtick, and by this means 
I have reduc'd this Theory to a great ſimplicity. But when I treat 
of demonſtrating Wallis's Rules, I follow my own Theory, 

As for the Experiments, many were made about Collifion with 
pendulous Bodies, before the true Rules were known, but theſe 


were of no uſe ; they had only relation to ſome Things in gene- 
ral, and are of no conſequence, 


Wren 
* De Caſtellis F. 118. 

+ Philoſ. Tranſactions, N. 43. and 46. 
|| Ibid. N. 46. pag. 927. 
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Wren and Rooſcius firſt gave more accurate Demonſtrations, 
for they confirm'd the Rules given by ſuch like Experiments before 
the Royal Society . Afterwards Mariotte gave an entire Treatiſe 
about Collifion, with an accurate explanation of the Experiments. 

. I likewiſe make uſe of ſuſpended Bodies; but that Machine 
which I gave in the firſt Edition, ſufficiently perfect, agreeing 
very much with Marriotte's, which was improv'd in the ſecond 
Edition, is made uſe of here, being yet made more perfect; and I 
illuſtrate Colliſion itſelf by many new Experiments. 

Alter that the true Rules of direct Colliſion were diſcover'd by 
the famous Men juſt mention'd, there remain'd no Difficulty in ex- 
plaining the oblique Colliſion of two Bodies; which is perform'd 
by many learned Men, by applying Kepler's Reſolution of Motion 
to theſe Caſes; vigz. by conſidering ſeparately the Change of the 


direct Motion, and the lateral Motion remaining +, 

Concerning the compound Colliſion, whether direct, or oblique, 
of three Bodies meeting each other, a few Things, and ſuch as be- 
long to ſimple Caſes, are to be found in Authors; yet did I not 
think that this Subject was to be entirely neglected, upon which 
Account I have added many Things in this Edition. 


The laſt Part of Book II. treats of the Laws of Elaſticity. 


What I ſay of the Motion of Fibres, is taken from Merſennus. 
Huygens diſcover'd that the Vibrations of an elaſtick Plate were 
made in equal Times. The firſt Experiment, Chap. XIV. is 
alſo not new, but I have added Demonftrations to all theſe, and 
itluſtrated the true Law of Elaſticity by Experiments. 


Hook III. treats of Fluids, and Part I. of the Preſſure of Fluids. 
Many Things of thoſe which I explain are taken out of Archimedes ||; 


almoſt all the reſt is explain'd by many Authors; among the chief 
T reckon Simon Stevinus 4, Monſ. Paſcal **, and Mr. Boyle ++. 
In theſe Things I can challenge nothing to myſelf except the Me- 

Vor. I. C thod 


* Tbid. No; 46. & Newtonus Princip. Schol. Corr. 6. Legis. Motfls ztiæ. | | 
+ Paralipom. in Vitellionem Cap. 1. prop. 19. Clam quid oblique movetur verſus ſuper- 
* ficiem, motus is componitur ex perpendiculari & parallelo ſuperficiei. At ſuperficies tantum 
ei parti objicitur, quæ eſt in ſe perpendicularis, non ei quæ eſt ſibi parallelos. Quare nec 
«+ impedit partem fibi parallelon, ſed patitur mobile reſiliendo pergere ad partem alteram, lic 
ut advenerat. a 
De inſidentibus Humido. 
De la Statique. liv. 4. & 5. 
De! Equilibre des Liqueurs,. 
++ Pandoxa Hydroſtatica, 
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Effects are perform'd, that they may not uſe Fictions inſtead of the 
true Meaſure of the Times; I have deliver'd many Things about 
this Meaſure of the Time in the Scholia. es TROL 

As for the Experiments, which relate to the Meaſures of the 
Forces, I ſhou'd obſerve that the noble and learned Fo. Polen: firſt 
immediately demonſtrated by Experiments, that Forces are ſpent 
in producing equal Effects when the Maſſes are to one another in- 
verſely as the Squares of the Velocities &. 

In N. 834. I have given this very Experiment of Poleni, mak- 
ing uſe of a Machine, that it may be more accurately perform'd. 

In the ſecond Part of Book II. I treat of the Percuſſion of Bodies ; 
about which Philoſophers have for a long time made many Miſtakes. 
At length in the Year 1669, Wallis deliver'd the true Laws, which 
take place in ſoft Bodies, tho' he applies them to thoſe that are per- 
fectly hard; about the ſame time Huygens and Wren did the fame, 
with regard to elaſtic Bodies 4, tho' they do not ſpeak of 
Elaſticity. 

Of theſe two laſt we have this Account in the Tranſactions of 
the Engliſh Royal Society. Without doubt, neither of theſe learnt 
any thing of the other about that Theory, before they compar'd 
together their Writings ; but it was the beautiful Production of the 
Sagacity of each. 

Huygens did indeed ſolve, ſome Years before, thoſe Caſes of 
Motion which were then propos'd to him, when he was at London ; 
and plainly ſhew'd that he had then already diſcover'd Rules that 
enabled him plainly to do it. But he will not affirm that he diſ- 
cover'd any thing of his Theory to any of the Enghh ||. | 
Concerning this Theory I demonſtrate in Chap. V. Book II. 
that it is the ſame with Wallis's, which is to be found in Chap. IV, 
except that it differs in this: vig. That when the Bodies are ela- 
ſtick, the change of Velocity from the Stroke is double of that 
which takes place, when they are not elaſtick, and by this means 
I have reduc'd this Theory to a great ſimplicity. But when I treat 
of demonſtrating Walks's Rules, I follow my own Theory. 

As for the Experiments, many were made about Colliſion with 
pendulous Bodies, before the true Rules were known, but theſe 


were of no uſe ; they had only relation to ſome Things in gene- 
ral, and are of no conſequence. 


Wren 


* De Caſtellis F. 118. 
+ Philoſ. Tranſactions, N. 43. and 46. 
|| Ibid, N. 46. pag. 927. 
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Wren and Rooſcius firſt gave more accurate Demonſtrations, 
for they confirm'd the Rules given by ſuch like Experiments before 
the Royal Society . Afterwards Mariotte gave an entire Treatiſe 
about Colliſion, with an accurate explanation of the Experiments. 

I likewiſe make uſe of ſuſpended Bodies ; but that Machine 
which I gave in the firſt Edition, ſufficiently perfect, agreeing 
very much with Marriotte's, which was improv'd in the ſecond 
Edition, is made uſe of here, being yet made more perfect; and I 
illuſtrate Colliſion itſelf by many new Experiments. 

After that the true Rules of direct Colliſion were diſcover'd b 
the famous Men juſt mention'd, there remain'd no Difficulty in ex- 
plaining the oblique Colliſion of two Bodies; which is perform'd 
by many learned Men, by applying Kepler's Reſolution of Motion 
to theſe Caſes; vig. by conſidering ſeparately the Change of the 


direct Motion, and the lateral Motion remaining +. 

Concerning the compound Colliſion, whether direct, or oblique, 
of three Bodies meeting each other, a few Things, and ſuch as be- 
long to ſimple Caſes, are to be found in Authors; yet did I not 
think that this Subject was to be entirely neglected, upon which 
Account I have added many Things in this Edition, 

The laſt Part of Book II. treats of the Laws of Elaſticity. 
What I fay of the Motion of Fibres, is taken from Merſennus. 
Huygens diſcover'd that the Vibrations of an elaſtick Plate were 
made in equal Times. The firſt Experiment,” Chap. XIV. is 
alſo not new, but I have added Demonftrations to all theſe, and 
illuſtrated the true Law of Elaſticity by Experiments. 


Book III. treats of Fluids, and Part I. of the Preſſure of Fluids. 


Many Things of thoſe which I explain are taken out of Archimedes ||; 
almoſt all the reſt is explain'd by many Authors; among the chief 
I reckon Simon Stevinus , Monſ. Paſcal **, and Mr. Boyle ++. 
In theſe Things I can challenge nothing to myſelf except the Me- 

Var. LL. c thod: 


& Tbid. No. 46. & Newtonus Princip. Schol. Corr. 6. Legis. Mots 3tiz. | i 

+ Paralipom. in Vitellionem Cap. 1. prop. 19. Cùm quid oblique movetur verſus ſuper- 
* ficiem, motus is componitur ex perpendiculari & parallelo ſuperficiei. At ſuperficies tantum 
« ej parti objicitur, quæ eſt in ſe perpendicularis, non ei quæ eſt ſibi parallelos. Quare nec 
impedit partem ſibi parallelon, ſed patitur mobile reſiliendo pergere ad partem alteram, {ic 
* ut advenerat. | 

De inſidentibus Humido, 
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thod of explaining them, and many Things that relate to the Ex- 
periments; in which nevertheleſs I have the fame Authors, eſpe- 
cially Mr. Boyle, who have gone before me. 5 

That learned Man Jo. Georg. Leutmannus, in the Acts of the 
Academy at Peterſburgh, has ſhewn a Method of determining with 
accuracy the ſmall Differences of Weights by a Balance, whoſe 
Brachia are unequal . Upon account of this Contrivance I exa- 
min'd into the Affair, and found that it might yet be more accu- 
rately perform'd hydroſtatically ; this Method is to be found in 
Chap. IV. Book III. . 8 

In the ſecond Part of this third Book the Motions of Fluids, and 
their Efflux out of Veſſels, are conſider' d. Many Things are 
explain'd from Sir Iſaac Newton, What I have borrow'd from 
Marriotte and Polent likewiſe gives great Light to this matter. In 
the remaining Controverſies, which have been manag'd by learned 
Men, I propos'd what ſeem'd to me to be true, giving my Reaſons 
why I did ſo. 


Experiment 2. Chap. IX. is given by Marriotte , the fourth and 


| fifth 1 have already given in the foregoing Edition of the Year 
1725. But I ought to take notice here that an ingenious and 


learned Man has explain'd one of theſe, viz. the fifth, in the Me- 
moirs of the Royal Academy of Sciences of Paris for the Year 
1736 || : this Circumſtance being different, he makes uſe of Tubes, 
having their Sides of Glaſs ; which Method I recommend to thoſe 
to follow, who may have an Intention to make the Experiment. 
In the reſt it might eaſily be prov'd that my Method is to be 
preferr'd. | 

Chap. X. treats of the Motion of Rivers. What is to be found 
about determining the Velocity of the Water, in my Book, is taken 
from Gulielmini F, From which Author I have alſo taken ſome 
other Things **. 

What I demonſtrate about the Motion of a Pendulum compar'd 
with the Motion of a Wave, in the following Chapter about Waves, 
is Sir Iſaac Newton's Þ+*+, 

In the third Part of Book III. the Actions of Fluids in motion 
are conſider'd, and three Things examin'd: the Force of ſpouting 
Fluids; the lateral Preſſure of Fluids moving thro' Tubes; "i 

Tom. III. pag. 138. * Ts 
+ Mouv. des Eaux, 3 part. 2 diſcours, ſur la fin, | 
Memoirs pag. 191. | 
T Menſura Aquarum fluentium. 
** De Fluminum Natura. 


15 Princip. Lib. 2. prop. 44. 
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laſtly, the Reſiſtance, which muſt be overcome, that a Fluid, by 
help of a Machine, may be rais'd to any high Place. ps up 
As for the firſt, I don't deny that the Experiment, which I have 
given concerning the Force of Fluids, does not agree with the Ex- 
riments of learned Men ; but I don't doubt but that the Event 
will always be ſuch, as I mention'd, if all the Cautions which I 

have deliver'd, be obſerv'd. | | D | fo 
Concerning the lateral Preſſure in Tubes I ought to take notice, 
that ſome time after I had made the Machine, -uſed in the Experi- 
ments of Chap. XIII. I ſaw one like it, which perhaps was made 
before mine, deſcrib'd in the Tranſactions of the Academy of 


Peterſburgh, by that celebrated Man, and Mathematician of the firſt. 


Rank, Daniel Bernoulli *, who has given the ſame again in his ela- 
borate Work, to which he has given the Name of Hydrodynamice. 


As to the Hydraulic Machines, I demonſtrate in the following 


Chapter many Things hitherto neglected, which may be of great 
uſe ; I conſider the thing only in a general way, an Application to 
peculiar Machines being not to my purpoſe. 
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In the laſt Part of Book III. I treat of Bodies mov'd in Fluids; 
and I have added nothing in this Edition, but have illuſtrated ſome 


Things more. Many of the Propoſitions demonſtrated in the 
Scholia of Chap XVI. are Sir Jaac's; but this is the chief Diffe- 
rence in the Demonſtrations. Where that great Man makes uſe 
of the Quadrature of the Hyperbola, I have ſubſtituted the logiſtic 


Line, which it is known may be eaſily done, by which nevertheleſs. 


the Demonſtrations become leſs abſtra& ; but Sir Jaac was unwil- 
ling to depart from his general Method of determining the Magni- 
tudes by the Quadratures of Curves, in this particular Caſe, which 
he has happily made uſe of upon many Occaſions. 

Huygens was the firſt who ſhew'd the Properties of this logiſtic 
Line at the End of his Treatiſe of Gravity; and that famous Ma- 
thematician Guido Grandi has demonſtrated theſe Propoſitions of 
Huygens in a peculiar Treatiſe +, 

My fourth Book treats of Air and Fire. In the firſt Part concer- 
ning Air, I conſider its Weight and Elaſticity, and explain the chief 
Phznomena depending upon thefe, | 

The Weight of the Air, which was known to the Antients, and 
prov'd by Experiments ||, was not uſed in explaining Phænomena. 

C2 Galileo 

Tom. IV. pag. 194. : 


8 
+ Vide Hugenit Opera reliqua Tom. I. 
{ Ariſtoteles de c@lo lib. 4. cap. 4. 
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Galileo himſelf, who, taking. Ariſtotle for his Guide, had weigh'd 
Air condens'd in a Bottle *, never ſuſpected that the Water in 
Pumps was ſuſtain' d by the Weight of Air, although he knew 
that the Water cou'd not be rais'd in ſucking Pumps beyond a cer- 
tain Height Þ. 

Torricelli was the firſt, who, when in the Year 1643 he had 
diſcover'd the like Effect with Mercury, and ſeen that it was not 
ſuſtain'd in a Tube, which had the Air taken out of it, beyond a 
certain Height, ſuſpected that this Effect was to be attributed to the 
Preſſure of the Air riſing from its Weight. That this Conjecture 
was true, Monſ. Paſcal, in the Year 1648, prov'd by a remarkable 
Experiment, made at his Deſire, by which it appear'd that the 
Height of the Mercury in the Torricellian Tube was leſs by three 
Inches at the Top of the Mountain le Puits de Domme, in the County 
of Auvergne, than at the Bottom of that Mountain ; becauſe he de- 
monſtrated that the Preſſure was diminiſh'd with the Quantity of A 
Air preſſing downwards ||. "Y 

A little while after theſe Things were diſcover'd, many new Ex- 23 
periments were made about the Air, the chief of which were thoſe . = 
of Ottho de Guericke, Robert Boyle, and thoſe of the Talian Aca- 3 
demy del Cimento : which laſt, tho* very commendable, are leſs MN 
remarkable, at leaſt as to what relates to the Air ; for they have 
extracted it only from ſmaller Balls with Torricellian Tubes inſerted 
in their upper Part. But De Guericke and Boyle have made uſe of 
greater Veſſels, and by help of Pumps have taken out the Air; and 
that which is put to this uſe, is call'd an Air-Pump to this day. 

Concerning the Inventor of this Pump Boyle informs us, that 
Ottho de Guericke was the firſt who extracted Air out of a Veſſel, 
but himſelf the firſt that had a Machine made fit for this pur- 
poſe **, But Papin firſt join'd two Pumps together, which were 
carried with contrary Motions, that the defir'd Effect might be ob- 
tain'd in a ſhorter time, and more commodiouſly ; for the havin 
two Pumps join'd together very much diminiſhes the Labour ++. 

After Boyle many Pumps differently conſtructed were made uſe 
of, all of which have the ſame Foundation with Boyle's and 
Guericke's Method. 
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* Dialog. 1. Mechan. + Ibid. | 
|| Paſcal Recit de la grande Experience de I'Equilibre des liqueurs. 
! Vir Clariſſ. P. van Muſſchenbroek anno 1731. Latino idiomate editionem dedit horum 
Exp. cum commentario pulcherrimo & multis experimentis novis. | 
** Procem. Experim. Phyſico-Mechan. 
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this Third Edition. 
I have uſed different Methods propos'd by others, and endea- 
vour'd to amend what Inconveniency I found. But after I had 
try'd different Methods, and improv'd them, I came at length to 


that Conſtruction of a double Pump, explain'd in Chap. IV. of 
Book IV. which Conſtruction I have afterwards apply'd to a ſmaller 


ſingle Pump, which is alſo mention'd in the fame Chapter, I think 


the double Pump is preferable to all others that I know ; yet I do 
not contend that this can't be made more perfect : but I ought to 
inform thoſe who ſhall attempt this, that it often happens, that, 


when we make any Alteration, to avoid one Inconveniency, there 


ariſes another and greater, which 1s only diſcover'd by uſe. Which 


alſo may relate to other Machines; an unexperienc'd Perſon may 


eaſily make a Machine worſe, by endeavouring to mend it. 

The Foundation of the Conſtruction of any kind of Pump what- 
ever, by which the Air is exhauſted, is the Elaſticity of the Air 
wherefore de Guericke cou'd ſcarce be ignorant of this Property, 
Galileo who, as may be ſeen above, compreſs'd the Air in a Bottle, 
when he weigh'd it, had his Eye upon the Effect of the Elaſti- 
city. Ariſtotle himſelf, when he found blown Bladders to be 


| heavier than when they were empty k, made uſe of compreſs'd 


Air, otherwiſe the Weight wou'd not have been encreas'd. Never- 
theleſs no one before Boyle treated of this very thing ; this great 
Man was the firſt, who diſtinctly explain'd, and illuſtrated by Ex- 
periments this Property F. 
In Chap. V. and VI. I explain many Experiments now com- 
monly known, concerning the Weight and Elaſticity of the Air, 
which yet cannot be ſaid of them all, viz. the ſeventh and eighth 
of Chap. V. and ſome others. In all I ſhew how we ſhou'd pro- 
ceed in them, and in many I do not depart from the commonly 
receiv'd Method. In treating of theſe I have given only two new 
Machines, one for the Compreſſion of Air, and the other, by help 
of which the Experiment of Bodies falling in vacuo may be fre- 
quently repeated. 
As ] have occaſion to ſpeak of the Air, I obſerve ſome Things in 
general of other elaſtick Fluids. Concerning theſe Fluids many 
Things are to be found in Boyle, who gives them the Name of 
fictitious Air and concerning theſe, the very diligent Dr. Stephen 
Hales has deliver'd many Things well worth regard, who refers all 
theſe Fluids to Air 4. 
Sound 


* Loco ſupra indicato. 
1 Exp. Phyſ. Mechan. & alibi, 


Exp. Phyſ Mech. contin. ada. 
Vegetable Staticks, Vol. 1. Chap. 6. 
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Sounds is propagated by Air; I treat of this alſo in this Part of 
Book IV. explaining the Newtonzan Theory; and the Demonſtra- 
tion is Sir Jaac's, which I give of the Agitation of the Particles of 
Air in Scholium 1. Chap. VII. but I have propos'd it in a leſs ab- 
ſtrated manner. Concerning this, great Men have obſerv'd that 
there is a Fault in this Demonſtration of Sir 1aac Newton's ; but 
the learned Gabr. Cramer, Profeſſor of Philoſophy and Mathema- 
tics at Geneva, has demonſtrated the Propoſition to be true *. 

Of the Velocity of Sound many have made Experiments, but the 
chief are thoſe which are made by Dr. William Derbam, celebrated 
for many Works . | 

In Part II. of Book IV. I treat of Fire. From known Obſerva- 
tions and Experiments, I have deduc'd ſome Properties of Fire, 
which have furniſh'd me with Explanations of many Phenomena. 


In Phyſics when we cannot reaſon from the ſimple Laws of 
Nature, no other way lies open, and what we are ignorant of, is to 
be left untouch'd. I have acted thus not only in many Things, 


which relate to Fire ; but have omitted many other Things, which 
are explain'd by Writers upon Phyſics ; becauſe I was unwilling. to 
admit Hypotheſes, 

In Chap. IX. I have made mention of lucid Stones: What I 
have deliver'd is to be found in the Tranſactions of the Academy 
of Sciences of France ||. _ 


Where I treat in Chap. X. of the Expanſion of Bodies by Heat, 


I demonſtrate by a ſingle Experiment only, that this obtains in all 
the Parts. But this Property of Bodies has been explor'd with 


care by others, chiefly by the illuſtrious Herman 'Boerhaave, lately 
the Ornament of our Academy . But the firſt who brought this 
Dilatation to an accurate Meaſure is the famous Pet, Van Muſſchen- 


broek, my friendly Collegue, who makes happy Diſcoveries in ex- 


perimental Philoſophy daily x *.. J. Ellicot has given a Machine, 

different from Muſ/chenbroek's, which is a very ingenious one, and 

deſcrib'd in the Tranſactions of the Royal Society at London ++. 
This is made for this End, vis. that the Dilatations of different 


Bodies, when the ſame Degree of Heat is given, may be compar'd 


one with another. But although 1 often attempted this with great 


| Care, 
* Newt. Princ. editio Genev. Tom. II. pag. 364. 
+ 22 14 1 No. 313. pag. 2. 
emoir, de Pan. 1730. p. 524. & 1735. p. . 
' Vide Elementa Chenin The J. 6 ag 
I Tentamina Exper. Acad, del Cim, part. 2. pag. 12; 
1 Fhiloſ. Tranſactions. No. 443. 
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this Third Eilition. 


Care, making uſe of ſuch a Machine, and another very accurate 


one ſent me from England, yet I cou'd never attain to it; but I 
learn'd this from my Experiments, that it was vain to attempt 


ſuch a Compariſon, unleſs the Bodies upon which the Experiments 
were made, were immers'd in a Fluid, that the Heat might be com- 
municated to them from a circum-ambient Fluid. 

Speaking of Fire, I have occaſionally deliver'd a few Things 
about Electricity, that it might appear, that there is a Connexion 
between ſome Phenomena of Fire and Electricity. Theſe Expe- 
riments are from Haukſbee ; from whence I have alſo taken the Ex- 
periments, which I have given of Attrition in vacuo ; but the Ma- 
chine, which I make uſe of in theſe Experiments, is different from 
that, which that indefatigable Inveſtigator of new Experiments 
made uſe of, There are a great many Things belonging «to Elec- 
tricity; he who wou'd have a more diſtinct Knowledge of what 
relates to this Subject, may conſult the Places which are ſet down 
at the Bottom of this Page . I have many Experiments of lucid 
Mercury in Chap. XI; Pzcard firſt diſcover'd this Property in the 
Barometer T. Afterwards John Bernoulli, commended above, de- 
monſtrated this Property alſo in greater Veſſels from which the 


Air was exhauſted, who likewiſe diſcover'd that Mercury ſhines 
when the Air is preſent ||. 


The Vth Book treats of Light. In the ſecond Edition the 


Guides that I follow'd were Dr. Barrow in his Optical Prelections, 
Huygens in Dioptrics, Sir 1/aac Newton in Optics, of whom I have 
now ſome Optical Prelections which were not publiſh'd at that 
time, Before this Vth Book was ſent to the Preſs, there came to 
my hands an ingenious Work concerning: Optics of Dr. Robert 
Smith's, Cambridge Profeſſor. The Deſign of this learned Man 
was to give an entire Treatiſe. of Optics; mine to give the Ele- 


ments only: Therefore it is no wonder if many Things, that are 


to be found in my Book, are likewiſe conſider'd by this Author. 
But the Method which 1 take, and the Demonſtrations which I 
uſe, do ſufficiently differ from the beautiful Demonſtrations of this 
Author, ſo that I can't be thought to have ſtole them. Beſides, 
this learned Man treats of ſuch Things, as don't belong to our 
Deſign, But I have borrow'd from him what I have ſaid * 

: tne 


* Philoſ. Tranſactions N. 417. 423. 426. 431. Mem. de l' Ac. des Sci. anntes 1733. Pag 


23.73, 233 45741734, pag. 341. 503.— 1737. pag. 86, 307. 
＋ Acad. des Sci. Tom. X. an. $A OY and 


Acad. des Sciences, M. 1701. pag. 1. & 14. 
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the Reaſon of an Obje &'s appearing ſingle that is ſeen by both 
Eyes. It immediately appears that this Cauſe agrees entirely with 
the Principles from which I have drawn Concluſions in many 
Places. I have explain'd theſe Principles more largely alſo in my 
Treatiſe of Logick, v/z. that the Senſes teach nothing of them- 
ſelves, but that we owe all the Uſe of them to Experience. | 
I had explain'd in the firſt Edition an Apparatus of Machines 
for making Experiments of Light ; the ſame improv'd and enlarg'd 
is given here, that more Experiments may be made, and all of them 


with greater Eaſe and Accuracy, and that new ones alſo might be 


made. ; 
The firſt of all theſe Machines is of uſe to keep the Sun's Rays 


in the ſame Line; Farenbeit firſt made uſe of ſuch a one, who by 
moving à Glaſs, with a Handle, eaſily reduc'd the Ray to its firſt 
Poſition ; he might have made uſe of a Clock to direct this Glaſs. 
The Foundation of the Conſtruction of this Machine was plain 
and ſimple; he made uſe of two Glaſſes; the firſt, which was 
continually mov'd by the Handle, reflected the Sun's Rays along 
the Axis of the Earth, and by the ſecond he directed them as he 
pleas'd. But the Rays are too much weaken'd by this double 
Reflection. . 

I make uſe of one Glaſs only, which I direct by a Clock; but 
if any one wou'd do this continually with his Hand, and beſides, 
after a Quarter or half an Hour, alter the Situation of the Machine 
a little, the Conſtruction wou'd be very ſimple. 

In the fixth or laſt Book I have added a few Things. In the 


firſt Part, I explain what relates to the Motions of heavenly Bodies 


and their Appearances ; in the ſecond, I deliver the phyfical 
Cauſes of thoſe Motions, according to the Opinion of Sir T/aac 
Newton, What is to be found in my Book about the Figure of 


the Earth, I have deduc'd from later Meaſures, as is ſhewn in. 
its Place. | | 


The BOOKSELLER to the READER. 


HAT was printed in a * ſmaller Character at the end of this 
' Preface, the famous Author bad a Deſign to alter; but about 


_ that time he died. It would be a kind of Crime to add or to take 


from the Writings of ſo great a Man; therefore I deliver this latter 

Part as it was found in bis Papers. What Emendations and Au- 

ditions 

The latter Part of the Preface from the Words [ The 5th Book treats of Light, c. ] is, 
in the Latin, printed in a ſmaller Character than the reſt of the Preface. | 


ditions he had intended to make, may be ſeen from the two following 
Fragments, which he left impesfect, and which I have here annex'd, 


that no Part of the Writings of a great Philoſopher might be bt. 


* fifch Book treats of the Phxnomena of Light; and therein a 

Science is explain'd, which is entirely owing to latter Philoſophers. 

For if we take a View of more ancient Writings, it immediately 

appears, that the true Cauſes of the Phenomena of Light were not 


The Bookſelttr to the Reader. An 
| 


known to thoſe Authors, and that they have deliver'd many things 
to us quite uſeleſs, Every one may ſee Proofs of this Aſſertion, 
who looks over the Treatiſes written upon Opticks by Euchd, He- 
liodorus, Albagenus the Arabian, Vitellio; to which we may add 
what that famous Monk of the thirteenth Century, Roger Bacon, 
has left upon Opticks ; and likewiſe Jo. Bapt. Porta, whoſe Book 
concerning Refraction was publiſh'd in the Year 1598. 
This fifth Book contains four Parts, the firſt of which treats of 
the Motion of Light, and its Inflection or Bending. What belongs 
to the direct Motion and Velocity is explain'd, and the Authors | 
mention'd, to whom we owe what relates to this Subject. The In- 
flection, or Bending of Light, which is treated of afterwards, was | 
taken from the Obſervations of Grimaldi *, but chiefly from what | 
Sir Iſaac Newton has diſcover'd about it +. 


In the Part concerning Refraction I examine its Laws, and treat 
of Glaſs Lenſes and their Uſe, as of Microſcopes and Teleſcopes 
E alſo. | 
= Snellius firſt diſcover'd the true Law of Refraction, as Huygens | 
: tells us ||. Glaſs Lenſes were diſcover'd about the end of the thir- | 
teenth Century; about which Invention Will. Molyneux may be ſeen 4, | 
the Father of him who is mention'd in Chap. I. of this V. Book | 
CENA But, in my opinion, it is not certain who was the Inventor 
of Lenſes ; and I am perſuaded, againſt the Opinion of the Author 
juſt ſpoken of, that the above-mention'd Roger Bacon is not to be 
look'd upon as the Perſon, except with a Limitation. This learned 
Man mentions ſome Places of Bacon's to confirm his Opinion, which, : 
taken ſeparately, ſeem to evince it; but theſe Places ſo taken have | 
a different Senſe, which he will give them, who ſhall examine the 


Words in Connexion with them, and at the ſame time conſider with 
Vor. I, d Attention 


Acad. des Sciences. H. An 1715. pag. 52. 

2 Lib. III. N 
ugenii Opera reliqua. Vol. II. pag. 2. 

＋ A Treatiſe of Dioptticks. Pag. 25 
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The Bookſeller to the Reader. 


Attention other Places. When Bacon ſpeaks of Objects ſeen thr,” 
a Medium *, he does not underſtand Objects placed out of the 
Medium, but within it, the Eye being placed in another Medium. 
He likewiſe ſuppos'd the Sun, Moon, and Stars to be in the Va- 
pours which ariſe from the Earth, but the SpeCtator placed in a 
rarer Medium without the Vapours, and thus to contemplate theſe 
Bodies . | 

3 what Bacon mentions of Glaſſes, might naturally 
lead to the Conſtruction of Lenſes. According to his Principles 
(of the Truth or Falſity of which I ſhall ſay nothing here) he af- 
firm'd, that an Object, in a Glaſs terminated by a convex Surface, 
when the Eye was placed in the Air, appeared enlarged near the 
Centre of the Sphere ; from whence he inferred, that Letters would 
appear enlarged, by a ſmaller Segment of a Glaſs Sphere apply'd 
to them. 

As for the ſingle Microſcopes, of which I have treated, I ſhall 
ſay nothing of them, they are only convex Lenſes. Drebbelius is 
the Inventor of compound Microſcopes ||. | 

Jo. Bapt. Porta is the firſ# who made mention of Teleſcopes, affirming 
diſtant Objects to appear ..... | 

The Author had an Intention to enlarge the Place which I have 


 mark'd with Points in the former Fragment, by examining Bacon's 


Words, as appears from the ſecond Fragment, 

But, as it appears to me, the Inventor of Lenſes is unknown, 
and that the above-mention'd Roger Bacon is not to be look'd on as 
ſuch ; if we ſpeak ſtrictly, I am perſuaded againſt the Opinion of 
the Author ſpoken of ; but I think there is no doubt but that he 
open'd the Way to this Invention. 

This will appear, by quoting ſome Places out of Bacon : But if 
they are not plain Bodies, thro' which the Sight ſees, but ſpherical, 
Sc. #. He does not here treat of Lenſes, nor of Objects ſeen be- 
yond any Medium. The Author examines the Phænomena of 
convex and concave Mediums, as he examin'd the plain ones, and 
conſiders Objects immers'd in one Medium, while the Eye is placed 
without this Medium in another; and he no where conſiders 
double Refraction, which takes place when the Object is placed 
without the Medium, TER | 


; Yet 
De Perſpectiva. Pars III. Diſtinct. 2. cap. 3. 
+ Ibid. cap. 4. | 
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De PerſpeQiva, Pars III. Diſtinct. 2. cap. 3. 
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Vet Bacon has hit the Nail on the Head; and, if he had join'd 
Experiments with Theory, he had diſcover'd Glaſs Lenſes, and 
avoided many Errors in Refraction which he conſiders. 

For when he had affirm'd that an Object appears enlarged, if 
the Eye is in a more ſubtile Medium, and the Convexity of the Medium, 
where the Object is, be towards the Eye * He afterwards applies 
this to Glaſs; and, that he might conſider an Object as if it was 
in a Glaſs, he ſuppoſes the Glaſs as having its oppoſite Side plain, 
and immediately applied to the Object. And tho' this Author ſpeaks 
of a plano-convex Lens, he had no notion of a Glaſs, beyond which 
Objects would appear enlarged after a double Refraction. The 
Place is remarkable: But if a Man looks at Letters, and other ſinall 
Things, thro' a Medium of Cryſtal or Glaſs, or any other- diaphanous 
Body, the Letters being placed beneath, and there be a ſmaller Por- 
tion of a Sphere, whoſe Convexity is towards the Eye, and the Eye 
in the Air, he will ſee the Letters much better, and they will appear 
larger to him, &c. He immediately adds; 7herefore this Inſtrument 
is uſeful for old Men, and thoſe that have weak Eyes. 


De PerſpeCtiva, Pars III. Diſtinct. 2. cap. 3. 
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O one, I will not ſay who is ſ{killd in mathematical Stu- 
dies, but only a Beginner, and firſt entring upon them, 
can avoid perceiving, that theſe Sciences lay claim to a 
particular Way of proving any Truth; and that mathe- 
matical Demonſtrations are accompany'd with ſuch a kind of Evi- 
dence, as overcomes an Obſtinacy inſuperable by any other means. 

Hence ſo many learned Men have labour'd to illuſtrate other 
Sciences with this fort of Evidence: and I don't ſcruple to affirm, 
that the Study of Mathematicks has given Light to Sciences, very 
remote from them. 

But what do Men not abuſe! This very Advantage in the Ma- 
thematicks in the diſcovering of Truth, has given occaſion to ſome 
to reject Truth itſelf, though ſupported by the moſt firm and evi- 
dent Arguments. 

While they contend that nothing is to be taken for Truth but 
what is prov d by mathematical Demonſtration, in many things they 
take away all Criterium of Truth, while they boaſt that they de- 
fend the only Criterium of Truth, 

But every one will eaſily perceive how inconſiſtent ſuch are with 
themſelves, if he ſhall aſk them, whether or no thoſe who live on 
the Earth don't ſtand in need of one another's Aſſiſtance, whether 
the Sun, which they obſerve riſing, will not ſet after a certain 
Time; whether they ever made any doubt of the Romans being 
forraerly the moſt powerful People, and of Rome's being the Me- 
tropolis of their Empire. Yet theſe things can't be prov'd by ma- 
thematical Demonſtrations. 


Therefore 


* Spoken at Leyden the eighth of February, in the Year 1724, when the Author went out 
of his Rector's Office. 


An Oration concerning Evidence. 


Therefore there is an Evidence different from mathematical Evi- 
dence, to which we can't well deny our Aſſent, and which no one 
wil deny in thoſe things in which nothing but the Love of Truth 
is the Occaſion of Doubt. | 

Latter Philoſophers have given the Name of moral Evidence to 
that which is different from mathematical, and call that Perſuaſion 
which follows moral Evidence, moral Certainty ; making uſe of a 
Name unknown to the Ancients. 

This alſo is kept within its own true Bounds by few, whilſt 
many contend, that Propoſitions are ſupported by moral Evidence 
which have ſcarce the leaſt Probability. 

I thought, when I was to ſpeak before ſuch a famous Company 
of noble and learned Men, that I ſhould do nothing foreign trom 
my Office, nor unacceptable to you, if I ſpoke at this time of both 
kinds of Evidence, mathematical and moral, and the Perſuaſion 
ariſing from thence. 

I thall endeavour to expreſs my Sentiments, and deliver plainly 
what you may underſtand ; this being all that Cicero requir'd of a 
Philoſopher, who was himſelf the moſt eloquent of Philoſophers, 
nct much demanding Elcquence from a Philoſopher. 

Being about to deliver the Nature of mathematical Evidence, and 
to tell why no one in his Senſes can deny his Aſſent to it, I ſhall 
conſider the Nature of our Mind. 

Our Mind contains Ideas, and compares them one with another ; 
in this all Knowledge is placed. 

Our Mind perceives Ideas, is conſcious of this Perception ; and 
no one can doubt, whether it truly perceives the Idea, which it 
perceives. 


I don't here ſpeak of the Agreement between theſe Ideas and ex- 


ternal Things, I only ſpeak of that Repreſentation which is preſent 


to the Mind, While the Idea of a Building is preſent to my Mind, 
I may make it a queſtion, whether there is really any particular 
Building without me anſwering to this Idea, or can be ; but I ſhall 
not doubt of this, vis. whether I think of a Building which is re- 
| Preſented to my Mind: for the Mind is conſcious of its own Per- 
ception. 

The Mind is not always ſenſible of one only Idea at a time; but 
the greater its Capacity is, the more Ideas it takes in at a time. 

But when many Ideas are together preſent to the Mind, the Mind 


neceſſarily perceives the Compariſon of them, and forms an Idea of 
this Compariſcn to itſelf, 
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To deny, when two Ideas are preſent to me, that I perceive 
whether or no they differ from each other, and in what reſpec, 
would be denying that theſe Ideas were preſent to me, which really 


are preſent: I ſpeak only of the Ideas, of that which is preſent to 
the Mind. | 


- 


Theſe things therefore are inconſiſtent, that the Mind ſhould per- 
ceive Ideas, without perceiving the true Compariſon between theſe 
Ideas ; and upon that very account it will be conſcious of this Per- 
ception, and be perſuaded that there remains no doubt concerning 
this Compariſon, z. e. it will aſſent to this Propoſition, That there is 
really ſuch a Compariſon between theſe Ideas which it perceives, If 
I compare the Idea of the Number Seven with the Idea of the Sum 
of theſe Numbers Four and Three, I immediately perceive that 
there is little difference between them ; and there can be no doubt, 
whether Three and Four, taken together, make Seven. 

Behold, I have given you the Foundation of mathematical Evi- 
dence ; you ſee why this does naturally force our Aſſent. 

You have that, by which you may ſolve the Difficulties, in which 
Scepticks endeavour to involve the Truth. Let them ſay that Truth 
ſtands in need of a Criterium, that a true Criterium is to be diſtin- 
guiſh'd from a falſe one, and that a new Criterium is wanting for 
this Purpoſe ; which new Criterium will likewiſe want its Crite- 
rium, and ſo on in infinitum: therefore, that it is a Contradiction 
to ſuppoſe any Criterium. | | 

I anſwer, that the Evidence itſelf is the deſir'd Criterium of 
Truth; v:z. the very Perception of the Compariſon between two 
Ideas, That the Criterium of Evidence is Conſciouſneſs ; but 
that this brings its own Critermm along with it: for I do not want 
a Criterium to make me certain, that I am conſcious of the Idea 
that is preſent to my Mind. Can I avoid perceiving the Idea which 
I do perceive? While I am conſcious, am I therefore not conſcious 
that I am conſcious? To demand another Criterium of Conſciouſ- 
neſs implies a Contradiction: but I have juſt prov'd, that this is 
the only Foundation of mathematical Evidence. 

Others alledge, that we labour in vain when we endeavour to 
diſcover the Foundations of Evidence, ſince nothing can be known. 
For in order to know any Thing, we ought to underſtand thoroughly 
how it differs from another Thing, but we can't diſcover this Dif- 
ference, unleſs we were well acquainted with Things: therefore 
Things themſelves, and their Difterences will for ever be conceal'd 
from us. 
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I think it proper to illuſtrate the Argument by an Example. 

I can't know a Triangle unleſs it appears to me in what it differs 
from a Square, which will be unknown to me, as long as I am un- 
acquainted with a Triangle and Square. 

But who does not fee that Things are here ſeparated, which can't 
be ſeparated ? and who can make any doubt of my knowing what 
a Triangle is, and in what it differs from every thing elſe, at one 
View of the Mind? Sy 

But let us now leave Scepticks. | 

The Foundations of mathematical Evidence being laid down, we 
ſhall eafily ſhew why Mathematicks lay claim to that invaluable 
Privilege of not erring : whoſe juſt Title that it may be made ap- 
pear, I ſhall mention in a few words the Object and Method of 
Mathematicks. 

Firſt, Mathematicks are employ'd about Ideas, and thoſe only ; 
and a Mathematician, conſider'd as ſuch, is not at all concern'd whe- 
ther or no the Ideas, about which he reaſons, agree with any thing 
being, When he proves, for example, that the Square of the Hy- 
poteneuſe of a right-lin'd and right-angled Triangle is equal to the 
Squares of the remaining Sides taken together, he is not ſollicitous 
about the Triangle itſelf; neither does he care whether or no the 
Squares are made, he only attends to the Ideas of the Squares, and 
pronounces that the thing would be ſo, if they were made. A Ma- 
thematician reaſons always from this Suppoſition, if it is given. 

By this Hypotheſis he takes care not to fall into Error ; the na- 
tural Philoſopher acts contrarily, ſuppoſing the Thing to be true that 
he feigns, and ſeldom avoids Miſtakes, 

In thoſe Parts of Mathematicks alſo in which Things themſelves 
are treated of, the ſame Hypotheſis is the Foundation of the De- 
monſtrations, vi. if Things are ſo, Theſe we call mix'd Mathe- 
maticks, to diſtinguiſh them from pure, 2. e. ideal Mathematicks. 


Whilſt an Aſtronomer views the Stars, and meaſures their Courſes, 


he does not act as a Mathematician, A Mathematician deduces his 
Concluſions from previous Obſervations, and conſiders the Ideas of 
Obſervations only, and affirms nothing of the heavenly Motions ex- 
cept upon Suppoſition, if the Obſervations are without Error. 
Aſtronomers alſo often from Obſervations feign an Hypotheſis 
about Motion, in which Caſe the mathematical Concluſions, tho' 
troc in themſelves, can't be apply'd to the Things themſelves, un- 
leſs there is no Error in the Hypotheſis about Motion, and the Ob- 
ſervations upon which it depends, or a Compenſation for that i” 
3 ut 


XXXIX 


xl 


An Oration concerning Evidence. 


But this does not concern a Mathematician as ſuch ; he attends 
oniy to Ideas, and that Evidence which we call mathematical, and 
which I have prov'd to bring its Conviction with it, takes place 
in Mathematicks, from whence it had its Name. 

2dly, The Object of Mathematicks is Quantity. Thoſe who 
follow this Study, conſider this firſt in general, and examine par- 
ticular Quantities in peculiar Parts of Mathematicks : A Geome- 
trician meaſures Extenſion : He who treats of Mechanicks, com- 
pares Forces. Motion is conſider'd in ſeveral Parts of Mathe- 
maticks. | 

Quantities of the ſame kind only can be compar'd ; and their 
Ideas, if ſimple, are very diſtinct, and may be compar'd without 
Danger of Miſtake, If more complex, they may be reſolved the 
molt eafily of all others into particular Ideas, that the Parts may 
be compar'd. 

Laſtly, in comparing complex Ideas, Mathematicians make uſe 
of a Method, by which Error may be eaſily avoided. From what 
is more ſimple, they proceed to what is more compound; which, 
as I juſt obſerv'd, they compare by Parts: which if it can't be 
done, they call to their aſſiſtance intermediate Ideas, that there may 
be no Compariſon, except of Ideas whoſe Agreement or Diſagree- 


ment appears at firſt view. 


Ideas alone are not conſider'd in mathematical Sciences only; in 
others alſo mathematical Evidence claims a Place: And in thoſe 
likewiſe where Things are treated of, the Reaſonings relate to the 
Ideas only ; and mathematical Evidence will have a Place hypo- 
thetically, if the Ideas agree with the Things, as I have taken no- 
tice with regard to mix'd Mathematicks, | 

But the Method, which Mathematicians uſe, may be applied to 
all Sciences; and Mathematicks have nothing peculiar to them, ex- 
cept their Object, viz. Quantity; ſo that we may indeed avoid 
Error more eaſily in Mathematicks, and yet eſcape it in other Sci- 
ences by the ſame Art, if we compare Ideas in the ſame manner 
as Mathemiaticians do; which, nevertheleſs how difficult it is in 
many Occaſions, I will preſently ſhew. | 

Logick treats of the Method of Reaſoning, v2. of ſuch Rules 
by which Ideas ought to be compar'd one with another; 3. e. the 
Ideas of the Compariſons of other Ideas are the Object of Logick ; 
and this Science relates to Ideas entirely, and differs from Mathe- 
maticks in its Obje& only : which does not much alter the Nature 
of the Evidence, by which Logick may be illuſtrated, The Rules 
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alſo, (to mention this one thing only) which are commonly deliver'd 
about Syllogiſms, yield to no mathematical Theorem in Certainty. 


Ontology, a Science that conſiders the common Properties of all 
Things, 1s entirely converſant about Ideas. This general Idea To be 
is the Object of this Science; and altho this ſeems a ſimple Idea, 
yet this Science 1s not contain'd within ſo narrow Bounds, and it 
gives great Light to other Siences, if it is freed from thoſe Obſcuri- 
ties in which Philoſophers have involv'd it. 

In this no particular thing is conſider'd; but all kinds of Things 
are referr'd to Claſſes, that we may be able to determine their ge- 
neral Differences. | 

We likewiſe conſider in Ontology the more general Compariſons 


of thoſe Things, which either are or may be; and herein is the 


greateſt Advantage of this Science plac'd : for inſtance, he who 
ſhall examine what is demonſtrated concerning Cauſe and Effect, 
will eaſily ſee its Uſe in ſolving the moſt difficult Queſtions. ; 

Pneumatology is converſant about the Properties of all Intelhgen- 
cies. As all Knowledge depends upon Thoughts, our Mind has 
inherent in it the Idea of "je before all others; and we acquire 
Notions of the Properties of our Underſtanding without any out- 
ward Aſſiſtance. But as this Science treats of theſe alone, what is 
demonſtrated in it, is ſupported by mathematical Evidence, and is 
mathematically true, 

If we turn ourſelves to that Part of Pneumatology which treats 
of GOD, we ſhall ſee that this likewiſe is wholly converſant about 
Ideas, and deduc'd from ſuch Notions, of which the Mind can in 
no wiſe doubt ; which follows from the Nature of them : and that 
therefore even thoſe Things relating to the ſupreme and infinite In- 
telligence, concerning which People have diſputed, depend upon 
mathematical Evidence. 

There exiſts ſomething now ; therefore ſomething has exiſted 
from Eternity. 

I think; 2. e. there is ſomething Intelligent; from thence I in- 
fer that the firſt Cauſe of this is eternal, and infinitely exceeds in 


Intelligence that Intelligence which it has created ; upon which 


account I am oblig'd to attribute a Power to it by which a Mind 
may be form'd, i. e. infinitely exceeding all that I can frame any Idea 
of to myſelf. 

This appears at the firſt View; if I conſider the thing with At- 
tention, I eafily perceive, that there is an Intelligence without be- 
LAT wine Being can be attributed to no external Cauſe ; that 
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it muſt therefore be Se/f-exi/tent, and that nothing can put an 'End 
to its Perfection, and that there is only one ſuch. 

It is plain then that G OD is one, eternal; of infinite Knowledge; 
and that his Power is confin'd within no Bounds. Which Things 
being demonſtrated, hence other Things flow that are diſcover'd 
of GOD. For inſtance, infinite Goodneſs is deriv'd from infinite 
Wiſdom. For it is eaſy to prove that all that is oppos'd to it proceeds 
from a Defect of Underſtanding, and can be only in a limited 
Intelligence. | 

I affirm that that very Argument by which we prove the Being 
and Wiſdom of GOD, deduc'd from an Examination into 
Things, is accompanied with mathematical Evidence. 

I confeſs that it is not mathematically certain, ' that the Planets 
move, that the Sun communicates Life to Plants by its Heat, that- 
the Bodies of Animals are made in a wonderful manner, theſe. 
Things belong to moral Evidence : but as for what relates to Ideas, 
and thoſe only, there is ſomething without me, whatſoever it 
is, whereby an Idea is rais'd in my Mind of this vaſt Aſſemblage 
of Things, diſpos'd in the wiſeſt manner, and govern'd by Laws to 
be admir'd by every Intelligence. | 

I don't enquire now whence the Ideas ariſe, which I acquire 
upon an Examination of the Univerſe ; I affirm nothing of their 
Origin, but I can never imagine that I myſelf am the Cauſe of 
them. Whence it follows that there is. an Intelligence without 
me, that has rais'd them in me, in what manner I don't deter- 
mine : Of the Wiſdom of which Intelligence, if I judge from theſe 
Ideas, I cannot doubt of its infinitely exceeding all that I can frame 
any Idea of. wh 

It is to my purpoſe to touch upon theſe Things, but not to ex- 
amine them fully. | 

To the Sciences which are founded upon mathematical Evi= 
dence, 7. e. whole Stability and Firmneſs depends ſolely upon the 
Examination of. Ideas, I refer alſo the firſt Foundations of Ethicks; 
7. e. all Things which in general relate to the Foundations of the 
Dutics of Inteiligences one to another, and chictly to the ſupreme 
Intelligence from which they had their Origin, and from which 
they ought to look for all their Happineſs. 

I am perſuaded. that it will ſeem a great Paradox to you, that I 
attribute to ſo many other Parts of Philoſophy that Evidence and 
Stability, which have put Mathematicks out of the Reach of 


Error and Contention ; whilſt the innumerable Diſſenſions of Phi- 


loſophers 
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loſophers in Mathematicks plainly ſhew that there is Error in 
them, at leaſt in ſome meaſure. 


I confeſs that Philoſophers have often err'd, nay, I will add yet - 


more Strength to the Objection, and freely. own, that there is no- 


thing ſo ſtrange, nothing that can be conceiv'd ſo diſtant from 


right Reaſon, which may not be equal'd by the mietaphyfical Dreams 
of ſome Philoſophers ; but few Miſtakes have been made in what 
relates to pure Mathematicks, and theſe have been very eaſily ſet 


right by others: Nevertheleſs the ſame Evidence, and Method of 
reaſoning, take place in Metaphyſicks, and Mathematicks. But 


whence it comes to paſs that more Errors are made in Philoſophy 
than Mathematicks, 1s -eafily ſhewn. I don't ſpeak of ſuch, who 
have the Aſſurance to proclaim themſelves Judges of the moſt dif- 
ficult Things, and exceeding their Capacity, while they are igno- 
rant of the firſt Rules of reaſoning, and are ſcarce acquainted with 
the firſt Elements of a Science. 

Neither will I ſpeak here of the Paſſions of the Mind, affecting 
the Mind much more in Metaphyſicks than Mathematicks. 

It will be ſufficient if I ſhall ſhew that, when the Paſſions are 
ſet aſide, and there is a ſincere Deſire of finding out the Truth, a 
limited Intelligence cannot avoid Error, and ſhall demonſtrate that 
it is not avoided in other Sciences ſo eaſily as in Mathemarticks. 

I have ſufficiently explain'd how Mathematicians avoid Error, 
but I muſt add ſomething, | 

They make uſe of no Word, without explaining with exactneſs 
what they mean by it, and accurately. enumerating the particular 
Ideas contain'd in a compound Idea. By the ſame Word they al- 
ways expreſs the ſame thing. They comprehend in the plaineſt 


Words the Truths demonſtrated, that they may make uſe of them 
like Axioms. 


Whilſt Quantity is treated of, theſe Cautions may be ſtrictly ob- 


ſerv'd, and it is not indeed impoflible, to apply the ſame Rules to 
the other Parts of Philoſophy mention'd; but it is ſcarce in the 
Power of the human Underſtanding to make uſe of them in all 
Things with due Care. | | 
When we reaſon about the Acts and Properties of our Mind, we 
have indeed Ideas of them, but we are ignorant of many Things 
concerning the Nature of the Mind, and it-is often very difficult, 
to draw ſuch a Concluſion only, as may not be overthrown by the 
Znorant. | Mons 
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In the Ideas alſo, which we examine, there are often contain'd 
many more ſimple Ideas, all of which we don't always conſider, 
whence the Concluſion is not indeed uncertain, in that reſpect in 


which it was drawn; but if we afterwards apply it to the ſame 


Idea, conſider'd in another reſpect, it will be always uncertain, and 
very often falſe. But how difficult is it to avoid this in thoſe Sci. 
ences in which we expreſs by the ſame Word not only the ſame 
compound Idea conſider'd in various reſpects, but frequently Ideas 
entirely diſagreeing ? | - | 

Men wou'd not fall into Miſtakes ariſing from thence, if, while 
they make uſe of a Propoſition before demonſtrated, they wou'd 
keep preſent in their Mind the Demonſtration, Then they wou'd 
not apply that which was determin'd of one Idea to another. But 
what Man cou'd ever perceive, at one View, the Connexion of a 
Propoſition, deduc'd from its firſt Principle, by the Aſſiſtance of 
feveral intermediate Propoſitions, with its firſt Principle? 

It follows then from the Imbecillity of the Mind, that it is more 
difficult for it to avoid Error in Ontology and Pneumatology, than 
in Mathematicks ; but that with Attention, that Caſe in which 
there is no room for ſuſpecting Error, may be ſeparated from others, 
ſufficiently appears from what has been ſaid. | 

I am not ignorant that ſuch abſtracted Things are not ſuited to 
this kind of Diſcourſe, except they are illuſtrated by Examples ; 
but I deſire to be excuſed if I don't explain theſe Things further, 
and if I don't diſpleaſe by Examples, many Philoſophers who are of 
my Opinion in theſe Things. | 

Having ſhewn the Sciences which have mathematical Evidence, 
I obſerve of all others, that they may be put on a Level with 
mix'd Mathematicks. In. theſe the Ideas of things without us are 
treated of. Whether or no theſe Ideas agree with the Things 
themſelves, does not concern mathematical Evidence, to which 
Perceptions. and. Reaſonings only ſhou'd be referr'd, and theſe can 
be converſant only about the Ideas of Things. 

Therefore, Divinity, Ethicks, Phyſicks, and Hiſtory have not 
mathematical Evidence. All Sciences in general, relating to the 
Knowledge of Nature, are to be referr'd to. Phyficks. And to 
Hiſtory belongs in. general all Relation of Things tranſacted. 

In all theſe the Foundations of the Sciences, and their Firmneſs, 
does not depend upon our Ideas. 

In Divinity we muſt firſt determine, whether the ſupreme and 


infinite Intelligence has made any particular Declaration gf 
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Will to Mankind, and where it is to be found ; this can never be 
determin'd from a ſimple Compariſon of Ideas : But when it appears 
that there is ſuch a Declaration, the Concluſions, to be drawn from - 
what G O D has declar'd, will relate to Ideas ; and the Stability of 
the Reaſonings will be mathematical, viz. hypothetical, as it always 
will when the Ideas of Things are treated of, it G O D has reveal'd 
this; but whether or no he has reveal'd it, belongs to that other 
kind of Evidence which I ſaid was call'd Moral. | 

I have lately ſhewn, that the Foundations of Ethicks, as far as 
they relate to the Duties of Intelligences in general, belong to Ideas. 
With regard to Men, it is requiſite that it be made appear to us 
that Men living together in a Society, ſtand in need of one another's 
Aſſiſtance; 1. e. it is neceſſary that we acquire an Idea of Societ 
between Men, having ſuch Affections of Mind, as we really obſerve 
in them. If we refer to this Civil Society alſo, as it ſhou'd be re- 
ferr'd when we ſpeak of the Duties of Men; it is neceſſary, that 
it be known, in each particular Society, which is to be conſider'd, 
where the Power is to be found whence the Laws ſhou'd proceed, 
and what Laws it has promulg'd. 

I cannot collect from the Obſervation of Ideas alone, the Know- 
ledge of all theſe Things, i. e. a Perſuaſion of the Agreement of 
the Ideas, which I have in my Mind of theſe Things, and the 
Things themſelves. | 

But this Agreement being laid down, the juſt Reaſonings from 
them will appear to be mathematically true, But whether or no 
the Ideas anſwer to the Things themſelves, belongs to moral 
Evidence. | 

In Phyſicks alſo I can only have moral Evidence of the Motions, 


whereby the Bodies that compoſe the Univerſe are acted, and the 
Laws by which they are govern'd. 5 

I don't refer to moral Evidence, that Queſtion which is ſtated by 
ſome, Whether there are Bodies? Thoſe, who deny this, yet agree, 
that inſtead of particular Bodies there is ſomething external to us, 
whereby an Idea of any particular Body is excited, and that the 
fame thing excites an Idea of the ſame Body, in the Minds of dif- 
ferent Men; ſo that this very thing, whatſoever it is, is look d upon 
by all as the Body itſelf ; and acts upon us in the ſame manner as 
the Body itſelf wou'd act, and with reſpect to us, it matters nothing 
whether there is any true Body external to us, or that ſomething 
elſe, which never differs from a true Body in reſpect to us. Whence 


it appears, that if there has been any thing vain and uſeleſs Es 
| y 
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by Philoſophers, as there often has, we may juſtly refer to this 
Claſs the Diſputes of thoſe, who deny the Exiſtence of Bodies. 

When in Phyſicks we get a good Knowledge of Phænomena by 
the Help of moral Evidence, i. e. when. it appears that we have 
ſuch Ideas of theſe Phænomena, as agree. with the Things them- 
ſelves ; the Reaſonings about theſe Ideas will be mathematically 
true, and the Concluſions may be applied to the Things them- 
ſelves. | 

In Hiſtory alſo, to which I likewiſe refer the common Actions 
of Men, we have only moral Evidence. We don't diſcover by a 
Compariſon of our Ideas alone, what was done by this or that Man. 
But when we have the Ideas of Things tranſacted, by comparing 
theſe one with another, we draw Concluſions ſupported by mathe- 
matical Evidence, | 

You ſee that moral Evidence, and the Perſuaſion thence ariſing, 
relates to the Agreement between the Ideas in our Mind, and the 
Things themſelves external to us; wmiſt mathematical Evidence is 
converſant about the Agreement which is between the Compari-- 
ſon of Ideas and the Idea of this Compariſon. When we perceive 
this, it implies a Contradiction, as I have ihewn, to ſuppoſe Error 
in theſe. We err in thoſe Things, which belong to mathematical 
Evidence, when having compar'd any two Ideas, we apply the per- 
ceiv'd Compariſon to other Ideas. 34 
When we are converſant about Things external to us, we do 
not acquire an Idea of a thing by the Perception of it; Things 
themſelves don't act upon our Minds, we can't conceive how they 
ſhou'd. Therefore we can't deduce the Foundations of moral 
Evidence from a ſimple Examination of the Mind, and of Things 
conſider'd by themſelves. We have Aſſiſtances external to the 
Things themſelves, by which we acquire Ideas of Things external 
to us. 

Theſe Aſſiſtances are the Senſes, Teſtimony, and Analogy. 
Moral Evidence has theſe three Foundations, while Mathema- 
ticks have only one, in the Perception of Ideas. | 

Mathematical Reaſonings depend upon ſuch an Evidence as 
brings its own Conviction along with it. 5 

But moral Evidence is the Foundation of Perſuaſion, not of it- 
ſelf, but by the Will ok GO D. 

If we conſider the thing in itſelf, it does not imply a Contra- 
diction, to ſuppoſe that the Senſes, Teſtimony, and Analogy, may 
lead us into Error, whatſoever. Cautions we uſe ; but it implies a 

e Noa Contradiction, 


> 
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Contradiction, to ſuppoſe that GOD intended theſe to be the 
Foundations of Perſuaſion, and that they ſhou'd not lead us to 

Truth, when we make uſe of them with due Care. 

But it will not be difficult to demonſtrate, by Arguments mathe- 
matically certain, that G O D intended the Senſes, Teſtimony, and 
Analogy, to be ſuch Foundations, and that his Intention in this - 
was not vain, 

This appears from ſuch Arguments, as we make uſe of to prove 
the Being of GO D, and his infinite Goodneſs. | 

From hence I infer, that he deſign'd Men ſhou'd make uſe. of 
ſuch Benefits as he has given them ; but I ſhall ſhew that Men 
can't make uſe of thoſe Things which are neceſſary to ſupport their 
Life upon this Earth, where GOD has plac'd them, unleſs we 
allow thoſe to be the Criteria of Truth which I have mention'd, 
whence it will appear that they are ſuch, The ſupreme Wiſdom 
had been inconſiſtent with itſelf, if when it had given Things 
themſelves, it had denied the Faculty of judging of them. Which 
nevertheleſs does not exclude the making uſe of due Cautions. N 

Who can doubt of Men's continually ftanding in Need of ſuch _ 
Things, of which they can judge only by their Senſes ?. Yet GOD; © 
has granted Men the Uſe of theſe Things; therefore he deſign'd 
that they ſhou'd enjoy them, 7. e. he intended That, without which 
they cou'd not enjoy theſe Things ; therefore he intended that they 
ſhou'd judge of them, and make uſe of their Senſes, which we ſee 
were given to Men by divine Providence to this end. 

No Man can live alone, he ſtands in need of the Aſſiſtance of 

_ ©thers; but that all may aſſiſt one another, a Communication of 
Ideas is neceſſary ; which very thing, the Beneficence of the Deity, 
which can never be ſufficiently prais'd, has granted to Men, by 
giving them Speech. | - 

By help of this, fince we can't obſerve by our Senſes all Things 
neceſſary for us, we make uſe of the Obſervations of others; 
whereby the Neceſſity of Teſtimony is eſtabliſh'd ; from whence I 
infer, that G OD intended we ſhou'd give Credit to Teſtimonies, 
when regulated by due Cautions. 

Innumerable Particulars, which we can't be without, and which 
were not denied us by GO D, can't be examin'd by us one by one, 
ſo that we may be aſſur'd of their Uſe, neither is the Teſtimony 
of others ſufficient in theſe, which can't be given of all Particulars, 
many of which, when made. trial of, prove uſeleſs, 


How 
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How miſerable wou'd Men be in compariſon of what they are 
now, who cou'd not apply Concluſions drawn from Obſervations to 
what they had not obſerv'd, who cou'd never judge of what was 


to come by what was paſt 


Wha wou'd plow the Land, ſow Seed, gather Fruit, or take any 


C the future, if every Event was uncertain? Who does not ſee 


the Inconveniences of theſe Things? 

Miſerable Men, who wou'd daily be in doubt, whether the next 
Food that they took might not prove Poiſon ! who upon the ſetting 
of the Sun wou'd be afraid of an eternal Night; and when it was 
ſhining, expect that it ſhou'd be extinguiſh'd every Inſtant. 

I need not mention any thing more ; the Goodneſs of GOD 
has deliver'd us from theſe ; he has given us Power of applying 
our Obſervations to Things not obſerv'd, whereby we diſtinguiſh 
what is neceſſary for Life from what is hurtful, and often determine 
about Things to come. 

I have reaſon to hope, that I ſhall again gather the Seed which 
is hid in the Earth, after it has ſprung up again, and produc'd per- 
haps an hundred fold, except ſomething extraordinary ſhall 


happen. 


When I ſee the Sun ſet, I am. perſuaded, upon good Grounds, 
that it will be conceal'd from my Sight but a few Hours. 

I am not afraid of a ſtrong Building's falling of itſelf. 

From Analogy therefore we muſt reaſon in Phyſicks, and who 
will doubt of the Almighty Creator of the Univerſe's deſigning this, 
who whilſt he knows the Creator to be good, conſiders the Things 
created ? | 

But as GOD intended this, he intended thoſe Things alſo which 
are neceſſary to communicate Force to ſuch Reaſonings ; 1. e. he 
confin'd the Univerſe to fix'd and unchangeable Laws. For theſe 


being given, Analogy ſtands upon a good Foundation, and 


being taken away, all Things in Phyſicks are uncertain, and the 

whole human Race wou'd ſoon be extinct. | 
You ſee how different the Foundations of Aſſent are according to 
their different Circumſtances. But although theſe Foundations 
differ, tho mathematical Evidence does not agree with moral, yet 
a different Perſuaſion does not proceed from thence. I can no 
more deny my Aſſent to ſuch Things, as are drawn from the Foun- 
dations of moral Evidence which I have explain'd, when due Care 
is taken, than to thoſe which are prov'd by a mathematical Demon- 
ſtration, I ſhall never doubt of London's being a City of England, 
+ nor 
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nor of the three Angles of a right-lined Triangle taken together, 
being equal to two right ones. 

If moral Evidence, which we have from God, was not firm, and 
ſufficient to make us give our Aſſent to it, we cou'd, by a mathe- 
matical Demonſtration, prove God not to be good. 

But that God is good, and that this appears alſo by mathema- 
tical Demonſtration, follows from what is ſhewn before. Neither 
does it belong to this Place to anſwer the Objections, which are 
brought by ſome againſt the divine Goodneſs, which we are fully 
aſſured of, from the Conſtitution of Things, which we are, in a 
great meaſure unacquainted with. 

Neither will I detain you by refuting the Objections of Scepticks ; 
it is ſufficient for me to have propos'd ſuch Arguments, whence 
Anſwers to their Objections naturally flow. 

But ſomething muſt be ſaid of the Opinions of Scepticks, that 
you may ſee by what Anſwers they endeavour to overthrow the 
Arguments of Dogmatiſts. 

Socrates was the firſt who gave occaſion to Scepticiſm. He, ac- 
cording to Cicero, calld back Philoſophy from occult Things, and 
Things cover d with Darkneſs by Nature, in which the Philoſophers 
who went before him had been converſant, and brought it back to 
common Life, that he might enquire into Virtues and Vices, and 

Good and Evil, Of other Things he affirm'd nothing, he confuted 
others, ſaying, that he knew nothing, and that upon this account 
he excell'd others, becauſe they Franke they knew what they 
were ignorant of ; but that he knew only this one thing, that he 
knew nothing: and all that he ſaid was about the Praiſe of Virtue, 
and perſuading all Men to the Study of it. He, or rather his Scholar 
Plato, laid the Foundation of that which is call'd the firſt 
Academy, | \ 

Arceſilas was the Founder of the ſecond Academy; he openly _ 
affirm'd that nothing at all cou'd be comprehended, and that he 
was not certain of this, vi. that he knew nothing, defending Scep- 
ticiſm entirely. 5 

But the Academecks alone did not doubt of all Things, Pyrrho 
ſet up another School, and there was not one Art of doubtin 
only amongſt the Philoſophers. Aulus Gellius has oblery'd that the 
Pyrrhonians and Academicks differ'd in their Ways of doubting in 
general, Theſe did as it were comprehend, that nothing can be 

comprehended, and did as it were diſcern, that nothing can be diſ- 
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cerned, Thoſe affirm'd that Truth appears no manner of way, 
becauſe nothing appears to be true. 

Sextus Empyricus, whoſe entire Work of Scepticiſm is ſtill extant, 
has deliver'd a like Difference between theſe Philoſophers, but in 
another way. Arce/ilas, the Founder of the ſecond Academy, ſaid, 
that @ wrong Aſſent was a Good, and according to Nature; but 
Pyrrho thought that it was ſo, not accerding to Nature, but accord. 
ing to Appearance, | 

But how this agrees with theſe Words of Tully, I don't well ſee: 
Arceſflas denied that any thing could be known, even this very 
Thing, 

They all diſputed about all Things, and contended, that no- 
thing could be affirmed, the contrary of which might not be prov'd 
by Arguments equally good : And oppoſed the moſt abſurd Trifles 
to the moſt ſolid Reaſons. Yet they took it very ill, if any one 
ena Afﬀairs of Life made uſe of their own Arguments againſt 

em. 

The Sophiſt Diodorus having put his Shoulder out, came to the 
Phyſician Exophilus, who made anſwer to him, that his Shoulder 
was not put out; making uſe of the Argument, by which the 
Sophiſts, and Diodorus, endeavoured to prove that all Motion was 


impoſſible. Then the Sophiſt entreated him that he would leave off 


9 Diſcourſe, and apply ſome Remedy that his Art ſupplied him 
WIth. | 

But let us hear Lacydes, who was a great Promoter of the School 
Subtilties. He was very penurious in his Houſe-keeping, and took 
care of his own Victuals himſelf, and ſealing up his Pantry, he 
put the Seal, thro' the Key-hole of the Door, into the Pantry; ſo 
that when the Door was unlock'd, he might take his Ring, and 
when he pleaſed firft lock the Door, and then ſeal it, and after- 
wards throw the Ring again into the Pantry, But his Servants 
finding out this Contrivance, when their Maſter was out, unlock'd 
the Pantry, and took what Victuals and Drink they pleaſed, then 
ſhut it, ſealed it, and put the Seal thro' the Key-hole. 

But Lacydes finding the Veſſels empty which he had left full, 
thought that this was a Confirmation of what he had heard taught 
by Arcefilas, That nothing can be comprehended, I ſhut the Door 
with my own Hands, faid he; I ſealed it, I put the Seal into it; 
but returning, and opening the Cellar, have found only the Seal, 
and not the other Things ; was I not in the right to doubt of every 
thing? But having diſcovered the Theft, he took the Seal 3 
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with him : upon which his Servants opening the Pantry, and tak- 
ing out what was in it, ſealed it with another Seal, and often with 
none at all; and ftrenuouſly diſputed, making uſe of their 
Maſter's Argument, that the Cellar was either ſeal'd with the Seal 
with which he had ſeal'd it, or that it had not been ſeal'd at all: 
At laſt the Philoſopher opening his Mind without diſguiſe, ſaid to 
them, we diſpute one way, but live another. | 

All Scepticks have come to this, viz. to affirm that the Art of 
doubting 1s not to be Ros to the Affairs of Life. 

Carneades put away his Pupil and Friend Mentor, becauſe he 
caught him with a Harlot; he did not ſuſpect his Senſes to be de- 
ceitful in that Caſe. | 

« It is ſufficient, as I think, ſays Sextus Empyricus, to frame our 
« Lives by Experience acquir'd by Uſe, and according to common 
« Obſervations, and pre-conceiv'd Notions in the Minds of Men, 


e without concerning ourſelves about Opinions, not affenting to 


ce thoſe Things which are affirm'd out of a dogmatical Curioſity ; 
« and are of no ſervice to the common Affairs of Life.“ 

But how inconſiſtent is this! If the Senſes are deceitful, if no- 
thing can be comprehended, if Reaſon leads us into Error, why 
muſt we uſe them in the ordinary Affairs of Life? How ſhall we 
be aſſured of Experience, common Obſervations, and the Opinions 
of Mankind ? Whence will it appear that theſe Things will be 
of ſervice to us? But it will be ſufficient to ſhew by a ſingle Ex- 
ample, by what Subtilties they maintain the Foundations of their 
Doctrine. ä 

They ſay that there is nothing certain, and that this Propoſition 
includes itſelf. The Dogmatiſts make anſwer, that this Propoſition 
is either true or falſe; if it is true, this at leaſt will be certain, that 
there is nothing certain; if falſe, all Things are not uncertain. 
But don't imagine that the Scepticks are worſted by this Dilemma. 
They anſwer that it is neither true nor falſe. But let us leave theſe, 
ſeeking a Medium between Truth and Falſhood. 

Let us return to moral Evidence. I have ſhewn the Founda- 
tions of it to be the Senſes, Teſtimony, and Analogy ; but I hinted 
that due Cautions were to be obſerved. I don't maintain, that the 
Senſes never lead us into Error, that we are to give Credit to every 
Teſtimony, and that all kinds of Obſervations whatever give us 
room to reaſon analogically. 

. We. muſt enquire into the Cautions by which Error may be 


avoided, and in order to the Diſcovery of theſe, the Foundations + 
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of moral Evidence, which have been mentioned, muſt be admit- 


ted, but it will appear that we have made no Error in the Diſco- 
very of the Cautions, if we find that we have admitted nothing 
againſt them, in the Diſcovery ' of them. 

The Rules relating to the Senſes are to be taken from ſuch 
Things as Phyſics teach us about them. 

The Rules concerning human Teſtimony have for their Foun- 
dation Obſervations made of Mankind. 

And for Analogy, we ought to reaſon from this Propoſition 
lately demonſtrated, That the Univerſe is governed by unchangeable 
Laws, | 

It would be tedious, tho' not foreign from my Purpoſe, to explain 
theſe Things more fully, and I ſhould treſpaſs upon your Patience 
if I ſhould point out the Rules themſelves. 

I will only fay this, that their chief uſe is, that we may be able 
to avoid Error, for we do not always come to a Knowledge of the 
Truth by the Aſſiſtance of them. 

But altho* we ſeek after Truth, altho' this is the End of our 
Studies, if we do not attain to it, it is ſomething to have eſcaped 
Error. When we are not able to reach the defired Haven, it is 
better to fail upon the Sea, than to put to Shore in an Enemy's 
Country. It is better to remain {till in doubt, than to be in dan- 
ger of running into Error. | 
No State of the Mind, if we except Scepticiſm, is worſe in the 
Search after Truth than that which is for taking away every 
Queſtion, and denying Aſſent to either ſide of it. Nevertheleſs no 
State of the Mind is more common. 

Every one without examining the Queſtion much, amongſt dif- 
ferent Opinions, makes choice of one in particular, and takes no 
Notice of the Arguments which might be brought to overthrow 
it: He thinks he muſt contend for this as he wou'd for all that is 
dear and valuable to him; and ſeeks for Arguments, whereby he 
may defend his own Opinion, and anſwer others, without being 


at all concern'd about the Truth. 


Hence innumerable Errors proceed, and the Reaſon why they 
are ſcarce ever ſet right: The Mind of Man always inclines to Ex- 
tremes, either making a doubt of all Things, or giving its Aſſent 
to weak Arguments, ſcarce ever ſeparating what is certain from 
What is doubtful, | 


How much greater Improvement wou'd Men make in the 


ſearching after Truth, if they wou'd perſuade themſelves that it was 
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ery eaſy for them to err, and that they had not well examin'd 
very thing to which they aſſent, and wou'd uſe diligence in en- 
eavouring to correct their Miſtakes? | 

But I have not ſaid all that is ſufficient about this Matter. I 
have paſs'd over,, without mentioning, the Rules about avoidi 
Error, where I treat of moral Evidence; and I will omit alſo what 
relates to the Origin of Errors, being content to have ſhewn the 
general Foundations of Evidence. rs 

Probability has great Affinity with what I have explain'd. This 
is very extenſive, and is by many confounded with moral Evidence; 
if I had time, I wou'd fay ſomething about it. But I will now 
add only this, which I am apt to think will be more acceptable to 
you, namely, that I have done. | 
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parallel to F, cutting the Tangent D E at g. Now if we ſup- 


To THE 


| Concerning Demonſtrations which have Quantities 
infinitely ſmall for their Foundation. 


N many Demonſtrations, which I have given in the Scholia, I 
conſider infinitely ſmall Quantities, and ſo propoſe them, that 


they may be underſtood by ſuch Readers, as are unacquainted with 
what Geometricians have deliver'd about them. But that the 


y 
might not in any wiſe doubt of the Truth of the Demonſtrations, 


and leſt they might not form an exact Idea of them, I thought it 


wou'd be of ſervice to premiſe ſomething. 


4.x» 


Let there be any Curve ABC, which a Line D E touches in 
B; let there be any two right Lines F B, F G, parallel, join'd by 
the Line F f, of which f G cuts the Curve at 6; let H 5 alſo be 


poſe F/ to be diminiſh'd, i. e. the Line, F G to be carry d with a 
parallel Motion, whilſt g 6 H is alſo carry'd with a parallel Mo- 
tion, along the Interſection of this Line with the Curve, it is mani- 
feſt that the Ratios between g B, g H, H B, are not chang'd, un- 
til all the Lines vaniſh together, 7G, F B, coinciding. * 

In the ſame Motion of the Line F G, the Ratios between 5 B, 
5 H, H B, are continually changing, till there are no Ratios re- 


6. maining 


"READER. 


maining upon their vaniſhing ,; but at the very Inſtant of their va- 
niſhing, the Ratios are different from all the former, | 

Thus a Body that is falling, and by falling freely, continually 
encreaſes its Velocity, when it comes to any Point, it has a Velo- 
city greater than all the Velocity which it had before it came to 
that Point, but leſs than all thoſe, which it will have after it has 
paſs'd by the Point; and the particular Velocity by which it goes 
to that Point, is different from all others, whereby it goes to any 
other Points. In like manner I don't ſpeak here of the Ratios, 
which the Quantities have before they vaniſh, or after their diſap- 
pearance or vaniſhing, but of thoſe which they have while they 
are diſappearing or vaniſhing. 

But in the very Inſtant of their vaniſhing, becauſe the Curve 
coincides with the Tangent in the Point of Contact, the Points 
G, g, 6, are confounded, and the Ratios between 4 B, 5 H, H B, 
don't differ from the Ratio's g B, g H, H B. 3 

When in the Demonſtrations I ſuppoſe B 5 infinitely ſmall, I 
conſider it as a right Line, and alſo 3 the Equality of the 
Ratios mention'd : yet theſe Things are not mathematically true, 


except in the Inſtant of the vaniſhing ; therefore when I ſpeak of 


infinitely ſmall Quantities, you are to underſtand thoſe that are va- 
niſhing, and the Demonſtrations will yield to no mathematical 
_ Demonſtration. 


For it is manifeſt, that at the Inſtant of the vaniſhing of F 5 


and F B, they are confounded and truely equal; therefore in what= 


ſoever Demonſtration I put an infinitely ſmall Portion of the Curve 
b B, as I conſider it vaniſhing, I may ſafely look upon ſuch Lines 
as f b and F B as equal. | 


Theſe Demonſtrations ſhould be diſtinguiſhed from thoſe in which. 


there is any Error, tho” inſenſible ; ſuch as the Demonſtration 


N, 2384. whence I colle& that Sound, whether great or ſmall, 


is always mov:d with the ſame Velocity thro' the fame Air; which 
is not mathematically true, but the Pifference of the Velocities, 
when there is any, is ſo ſmall, that it can't be perceived by any 
means ; wherefore we take no notice of this Difference in Phyſicks. 
In like manner as in practical Geometry, when we conſider the 
Height of a Mountain, we take no notice of the Alteration that 


may be made in it by the Addition of a Grain of Sand. But in 


ſuch Demonſtrations, infinitely ſmall Quantities are not treated of, 
but finite ones ; for not only the Ratio between the Diameter of a 
Grain of Sand, and the Height of a Mountain, but likewile be- 
| "7 tween 
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tween the Diameter of that, and the Diameter of the Earth, or 


if you pleaſe the Diſtance of any fixed Star from the Earth, may 
be expreſſed by a finite Number. 

In theſe Demonſtrations in which we conſider thoſe Quantities 
as equal, which differ ſo infinitely, an Error in a Demonſtration 
will not be ſenſible; and therefore, in treating of Things them- 
ſelves, of which we judge by our Senſes, theſe Demonſtrations 
are juſtly admitted by Mathematicians ; they do not belong to pure 
Mathematicks, which yet admit, as I have ſhewn, Demonſtra- 


tions, founded upon infinitely ſmall, or evaneſcent Quantities. 
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NATURAL PHILOSOPHY 


CONFIRM'D B 


EXPERIMENTS. 


© 
PART I. Concerning Body in general. 


2 
——— — — —— „ 


CHAP. I. 
Concerning the End of Natural Philoſophy, and the Rules 
of Philoſophizing. 


'TAtural Philoſophy is converſant about natural Things and 
their Phænomena. 


DEFINITION 1, and 2. 


Natural Things are all Bodies; and the Aſſemblage or Syſtem of 1. 
them all is called the Univerſe... 


DEFINITION 3 

Natural Phenomena, are all Situations, and Motions, of natural 2. 
Bodies, not 1 mmediately depending upon the Action of an intelligent 
Being, and which may be obſerved by our Senſes. | 

We don't exclude thoſe Motions out of the Number of natural 3. 
Phznomena, which are made in our Body by the Will: In theſe 
we muſt diſtinguiſh what depends upon the Will, from that which 
is to be attributed to another Cauſe. There is Motion made in a 
Vi B deter- 


Mathematicul Elements Book I. 
determinate Manner, and at certain Times, which ought to be aſcribed 
to the Determination of the Will, and does not relate to Natural 
Philoſophy : But the Motions proceeding from the Action of the 
Muſcles, whoſe Action depends upon ſome other Motion, are theſe 
natural Phenomena ; but the Motion ariſing from the immediate 
Action of the Mind, and which is entirely unknown to us, is not a 
natural Phænomenon. | 

All theſe Motions are governed by certain Rules. 

The Sun riſes and ſets daily, .and the time of its riſing and ſetting 
is always determin'd, according to the Time of the Year and the 
Place; Plants of the ſame kind, under the ſame Circumſtances, 
are produced and grow in the ſame manner: and the ſame may be 
ſaid of other things. It is manifeſt to one who conſiders it with 
Attention, that certain Rules .are obſerv'd even in thoſe Things 
which appear to us entirely fortuitous and uncertain, 

For an Examination into Things brings us to this Axiom, which 
is the Foundation of all Reaſonings in Natural Philoſophy ; That 
the Creator of the Univerſe governs all Things, by Laws determin'd 
by his Wiſdom, or ſpontaneouſly flowing from the Nature of the 
Things. 

Natural Philoſophy explains natural Phenomena, i. e. treats of 
their Cauſes. | | oo 

When we enquire into theſe Cauſes, we muſt conſider Body it 
ſelf in general ; then we muſt diſcover by what Rules the Creator 
of all things pleas'd that all their Motions ſhould be perform'd. 
Theſe Rules, are cal d the Laws of Nature. 


DEFINITION 4. 


A Law of Nature then is, the Rule and Law according to which 
God thought fit that certain Motions ſhould always, i. e. in all Caſes, 
be perform'd. 

Therefore a Law of Nature is with reſpe& to us, every ſimple 
Effect, which continues the ſame upon all Occaſions, whoſe Cauſe 
is unknown to us, and which we find cannot flow from any Law 
known to us, tho' perhaps it may from a more ſimple Law, un- 
known'to us. 

For with reſpect to us it matters not, whether any thing de- 
pends immediately upon the Will of God, or is produc'd by an 
intermediate Cauſe, of which we have no Idea. 

The Laws of Nature can be found out only from an Examination 
of natural Phænomena. 

Phenomena 


Chap. 2. of Natural Philoſophy. 
Phznomena are to be explain'd by the help of Laws, diſcover'd 
in this manner. 


Jaac Newton are to be obſerv'd, which are founded upon the 
fore-mention'd * Axiom. 


irie 


That no more Cauſes of natural Things are to be admitted than ſuch 
as are true, and ſufficient to explain their Phenomena. 


RULE 2. 
That there are the ſame Cauſes of natural Effects of the ſame kind. 


RULE 3. 

That the Qualities of Bodies, whoſe Virtue cannot be increas'd and 
diminiſb d, and which belong to all Bodies, upon which Experiments can 
be made, are to be loo d upon. as Qualities of all Bodies. 


G 
Concerning Body in general. 


\ X7en/jon is the firſt Thing to be conſider'd in Body. 
The Idea of Extenſion is almoſt always preſent to our Mind; 
3 is moſt: ſimple ; and therefore cannot be deſerib'd by any 
Words. 
Every Body is extended, and if you take away the Extenſion of 
Body, you take away the Body itſelf. | 

Yet every thing that is extended is not Body ; but it can't be de- 
termin'd how Body differs from Space, without examining other 
Properties-of Bodies. 
The next Thing to be confider'd in a Body is Solidity. A Body 
excludes every other Body from the Place occupied by itſelf, and 
170 Bodies as well as thoſe that are hardeſt have this Property 

alſo. 
I he third Property of Body is Diviſibility; waich is a Conſe- 
quence of Extenſion. For there may be always co ccived an Ex- 
tenſion leſs than any given Extenſion, whence we ler that there are 
Parts in all Extenſion, which Parts in a Body may be mutually ſepa- 
rated from each other: becauſe 
B 2 Body 


But in the Inveſtigation of them, the following Rules of Sir 


9. 


10. 


11. 


12. 


13. 
14. 


Le: 


16. 


19. 


20. 


21. 


22. 


Body is endued with a fourth Property, ſince it may be tranſ. 


Body is call'd inactive, and is ſaid to have Inertia or Inactivity. 


\ 
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ferr'd from one Place to another, whence a Body is. faid to be 
nicveable, . 

But it continues in Motion by an innate Force. 

When there is no Obſtacle, a Body yields to the leaſt Motion: 
but a greater Action is requir'd, if the Body is to be mov'd to the 
ſame Diſtance in a leſs time, or to a greater, in the ſame time: 
That likewiſe is a greater Action, whereby a greater Body is mov'd, 
than that by which a leſs is mov'd, if the Diſtance to which it is 
carry'd is the fame. Therefore a quieſcent Body reſiſis Motion, no! 
while it is at reſt, but while it is moving. Upon this account a 


Thrs in all Bodies is proportional to the Quantity of Matter ; for it is 
equally in every Particle of Matter. | | 

Every Body has fome Figure, and is figurable, becauſe it is 
terminated ; but its Figure may be chang'd, becauſe a Body may 
be reſolv'd into Parts, which, as they are moveable, may be dit- 


by 


pos'd in different manners with reſpect to each other, 


CHAP. III 
Concerning Extenſion, Solidity, and V. acuity. 


\ X E muſt now conſider that Queſtion (ſo often handled by 
the Learned) concerning a Vacuum; viz. whether there is 
any Extenſion void of all Matter; for ſuch Extenſion js call'd a 
Vacuum, Emptinefs, or mere Space. 
That there is really a Vacuum is prov'd from Phænomena, and 
therefore I ſhall conſider this Queſtion more particularly in Chap. 
X11. Book V. I will now ſpeak only of the Poſſihility of a Va- 
cuum. | | | | 
It may be inferr'd, that a Vacuum is poſſible from an Examina- 
tion of our Ideas alone. For every thing is poſſible, which we can 
clearly conceive to exiſt. For if there is that in any thing, which 
hinders its Exiſtence, the Idea of the Impediment is contain'd in 
the Idea of the Thing, and is the Reaſon, why the Poſſibility of 
the Thing can't be ſo well conceiv'd. | 
Therefore the Queſtion comes to this, whether we can have an 
Idea of Extenſion that is not ſolid, | 4 


Chap.3. of Natura Philoſophy. 


We acquire an Idea of Solidity by the Touch ; we perceive cer- 


tain Bodies to reſiſt us, an indeed thoſe reſiſt us at all times, which 


hinder our deſcending to the loweſt Places, From this Reſiſtance 
we infer, that a Body excludes every other Body from the Place 


occupied by itſelf, i. e. that it has Solidity ; which Idea of Solidity 


we transfer to more ſubtile Bodies, which don't come within the 
reach of our Senſes, upon account of the Smallneſs of their Parts : 


And it appears by Experience, that theſe, as well as the hardeſt, 


reſiſt other Bodies. 


EXPERIMENT 1. 


The Air in which we live almoſt always eſcapes our Sight and 
Touch, yet in a well-clos'd Syringe it reſiſts the Piſton, ſo that it 
can't be thruſt to the Bottom of the Pump by any Force. 

But the Idea of Solidity 1s not contain'd in the Idea of Exten- 
ſion; this is deduced from the Idea of Reſiſtance, and we acquire it 
only by the Touch. Therefore if a Perſon had never touch'd a 
Body, he would be utterly unacquainted with Solidity, yet would 
he have an Idea of Extenſion. | 


EXPERIMENT 2. 


When a Body is ſet againſt a concave Mirror at a proper Di- 
ſtance, a Spectator ſees the Image of it hanging in the Air be- 
fore the Mirror, as I explain this in Book IV. This Appearance 
is like the true Body, having the moſt lively Colours; yet it does 
not reſiſt, 3 

If any one had never ſeen any thing except ſuch Images, and 
his own Body like ſuch an Image, would he have any Idea of 
Solidity? It does not appear that he would; yet he will certainly 
have an Idea of Extenſion. 

Here I don't enquire what ſuch an Image is; I ſpeak of Ideas. 

Space does not differ from Body in a Privation of Solidity only. 

. Space is infinite, and it will appear to one who conſiders the 
thing with Attention, that it can be terminated by no Bounds. 
For no Space can he conceiv'd terminated, whoſe Bounds may not 
be ſurrounded by other Space; and an Idea of Extenſion confm'd 
by Bounds, and not included in other Extenſion, deſtroys itſelf. 

Wherefore to one who is attentive to the Matter, it is a Contradic- 
tion to ſuppoſe Bounds to Space. But Bodies are finite. 
We plainly ſee that there are Parts in Space, but they can't be 
leparated from one another, they are immoveable, as well as Space 
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itſelf.. But the Parts of Body undergo a Removal, and therefore a 
Separation. 5 

The Idea of Space is very ſimple; that of Body is more complex. 

Solidity is call'd by ſome Impenetrability, who endeavour to de- 
duce it from the Nature of Extenſion: If to a cubick Foot of Ex- 
tenſion, ſay they, another eubick Foot of Extenſion be added, we 
ſhall have two cubick Feet; for they have each all things requiſite 
to conſtitute that Magnitude; 4 one Part of Space excludes 
all others, and cannot admit them. 

J anfwer, That it implies a Contradiction to ſuppoſe the Removal 
of a Part of Space from one Place to another; therefore it follows 
from the Immobility, and not from the Impenetrability, or Solidity 


of the Parts of Space, that two Parts of Space can't both occupy 
the ſame Place. 


SG HRK P. N. 


Concerning the Diviſibility of Body in infinitum; and the 
Subtilty of its Particles. 


HE Extenſion of a Body implies its Diviſibility, z. e. Parts 
may be conſider'd in it. 5 

Vet the Diviſibility of Body differs from the Diviſibility of Ex- 
tenſion, for its Parts may be ſeparated from each other (28.) But 
as Diviſibility depends upon Extenſion, it ought to be examin'd 
under the Conſideration of Extenſion. 

Body es divifuble in infinitum, i. e. there is no Part that can be 
conceiv'd in its Extenſion, tho' ſmall, but that there will be a 
ſmaller. | 

Let there be a Line AE, perpendicular to BD; and let FG, 
be diſtant from A a little, and perpendicular to it; let there be 
Circles deſcrib'd from the Centers C, C, C, Fe. and with the 
Radii C, Cd, Sc. cutting the Line FG, in the Points 2, 7, &c. 
by how much the greater the Radius A C is, by ſo much the 
ſmaller is the Part? F: the Radius may be increas'd in infinitum, 
and the Part : F diminiſh'd; which nevertheleſs can never be re- 
duced to nothing; becauſe the Circle can never coincide with the 
right Line B F. 
Therefore the Parts of any Magnitude may be diminiſh'd n i- 
- nitum, and there is no End of the Diviſion. 


Put 
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But a greater Paradox is deduced from this Demonſtration, It is 
plain from this, that the mixt Angle, which the Circle makes with 
the Tangent, may be diminiſh'd zn inſinitum. But this Angle, 
tho' thus diviſible, is leſs than every right-lined Angle *; and a 
right-lin'd Angle, which is itſelf diviſible in infinitum, as all Quan- 
tity is, howſoever it is diminiſh'd, does yet exceed all the mixt 
Angles juſt mention'd, 

Therefore an infinitely ſmall Part of any Quantity divided in infi- 
nitum, is itſelf diviſible in infinitum. 

And the ſame thing is proved in the following Scholia by other 
mathematical Demonſtrations, by which alſo it appears, that zhere 
is an infinite number of Claſſes of Diviſions in inſinitum. 

From the Diviſibility of Body I deduce, that any Particle of 
Matter being given, howſoever ſmall, and any finite Space being 
given, howſoever great, it is poſſible, that the Matter of that ſmall 
Particle may be diffus'd thro' that whole Space, and ſo fill it, that 
there will be no Pore in it, whoſe Diameter will exceed the ſinalleſt 
Line given, Which that I may demonſtrate, I conceive the Space 
fill'd to be divided into cubick Cells, whoſe Sides are equal to, or 
leſs than this ſmalleſt Line given : the Number of the Cells will be 
finite, and the Particle may be divided into ſo many Parts, as there 
are Cells ; ſo that we may conceive one Particle placed in each of 
the Cells; we may further conceive a concave sch 
by each of theſe ſmall Particles. Upon account of the Diviſibility 
of Matter, any concave Sphere may be continually increas' d, by 
diminiſhing the Thickneſs of the Matter; but as there is ſuch a 
Sphere in each of the Cells, they may each be increas'd, till thoſe 
23 next to each other touch one another, and all together fill 
the Space. | 

The chief Objections againſt the Diviſibility in inſinitum, are, 
That an Infinite cannot be contain'd in a Finite ; 'That it will follow 
from its Diviſibility in infinitum, that all Bodies are equal, or that 
there is one Infinite greater than another. 

But the Anſwer to theſe is eaſy ; That the Properties of deter- 
min'd Quantity are not to be attributed to an Infinite, conſider'd ge- 
nerally. Who has ever prov'd that there cannot be an infinite 
Number of infinitely ſmall Parts in a finite Quantity ; and that all 
1 are equal? I demonſtrate the contrary in the following 

cholia, 

If, after having examin'd the poſſible Diviſibility of Matter, we 
look into the Subtilty of the Parts in Bodies, it will appear mW 
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this vaſtly exceeds our Comprehenſion ;- and. there are in Nature in- 
numerable Examples of ſuch Particles ſeparated from one another. 
Mr. Boyle proves this by divers Arguments. 
Ile ſpeaks of a filken Thread 300 Exgliſh Ells long, that weighed 

but two Grains and an half. 1 

He meaſur' d Leat-gold, and found by weighing it, that 50 ſquare 
Inches weigh'd but one Grain. If the Length of an Inch be di- 
vided into 200 Parts, the Eye may diſtinguiſh them all; therefore 
there are in one fquare Inch 40900 viſible Parts, and in one Grain 
of Gold there are two Millions of ſuch Parts, which viſible Parts no 
one will deny to be farther diviſible. 

A whole Ounce of Silver may be gilt with eight Grains of Gold, 
which is afterwards drawn into a Wire thirteen thouſand Foot long. 

In odoriferous Bodies we can ſtill perceive a greater Subtilty of 
Parts, and which are ſeparated from one another ; ſeveral Bodies 
ſcarce loſe any ſenſible Part of their Weight in a long Time, and 
yet continually fill a very large Space with odoriferous Particles, 
Whoever will be at the pains to make Calculations concerning thoſe 
ſubtile Efiuvia, will find the Number of Parts to be amazing. 
By help of Microſcopes, ſuch Objects as would otherwiſe eſcape 
our Sight, appear very large : There are ſome ſmall Animals ſcarce 
viſible with the beſt Microſcopes; and yet theſe have all the Parts 
neceſſary for Life, Blood, and other Liquors: Who does not ſee 


how great the Subtilty of thoſe Particles muſt be, which make up 
ſuch Fluids ? 


SCHOLIUM I. 
That an Infinite is contain'd in a Finite. 


| HEY who deny that Matter is diviſible in inſinitum, call that an In- 

finite, than which there is no greater; and I readily grant that Mat- 
ter is not infinitely diviſible, according to this Definition of an Infinite. I 
maintain that a Body cannot be divided into ſuch a Number of Parts, as 
will be the greateſt of all, and that there is no End of the Diviſion. 

But I call that an Infinite which exceeds a finite, 7. e. every Thing whoſe 
Magnitude, how great ſoever, can be determin*d ; but it may be deduced 
from the Conſideration of a decreafing geometrical Progreſſion, hat there 
7s.contain'd in a finite Quantity, a Number of Parts exceeding every finiie 
Number. WK 9 | 5 725 
Who does not ſee that this Progreſſion, viz. 2, 1, 2, 4%, Cc. may be 
continued ix inn tum, and that there is no End of the Continuation ? But 
I ſhall demonſtrate that the Sum of all the Terms never exceeds Unity, wy 

| | that 
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that it is exactly equal to Unity, if we concave the Progreſſion to be 
really continued in infnitum. 

Let the Line AE be Unity; the half of this AB is the firſt Term; 46. 
BC the half of what remains is the ſecond Term + ; the third Term will be Plate IT. 
CD +; by dividing DE into two equal Parts, we have the next Term; Fig. 1. 
and in the ſame Manner the Series may be continued in infinitum, and the 
Defe&t of the Sum of the Terms of the Series AB, BC, CD, Sc. from the 
whole Line AE, will always be equal to the laſt Term of the Series, how- 
ſoever it is continued. But as long as the Number of Terms is finite, the 
Denominator of the Fraction expreſſing the laſt Term is a finite Number, 
and the laſt Term is a finite Part, whereby the Sum of the Series is defi- 
cient from an Unity. | 

But if the Number of Terms exceeds every finite Number, the Denomi- 
nator of the laſt Term will exceed every finite Number, and will expreſs a 
Part of the Line AE lefs than every finite Part, and therefore the Diffe- 
rence, between the Sum of the Series and the Line AE, will vaniſh, i. e. 
theſe Quantities will be equal. Q. E. D. 

We have no Idea of an Infinite; therefore what I demonſtrate concern- 
ing an Infinite, has no relation to Ideas; but what immediately follows from 
undoubted Principles, is certain, and what is alſo deduced from them, cannot 
be queſtioned. 

ery many Things exceeding our Comprehenſion are plainly demonſtra- 
ted concerning the Diviſibility of Matter, among theſe what relates to the 
Curve called the Logarithmic Spiral, is chiefly remarkable. 


Concerning the Logarithmic Spiral, and its Meaſure. 


The Property of this Curve is, that all the Angles which it makes with 47, 
Lines drawn to its Center, are equal. 

Let C be the Center; the Angle of the Curve at A, i. e. which the Tan- Plate II: 
gent of the Curve makes with the Radius AC, namely BAC, 1s equal to Fig. 2, 
the Angle EDC, which the Tangent makes with the Line DC, in any 
other Point D. | 

If this Angle is a Right one, the Spiral will change itſelf into a Circle, 
but if an Acute one, it plainly appears that the Curve continually draws near 
to the Center; and yet it cannot come to it except after infinite Windings. 

Having laid down the Beginning of the Curve A, let us ſuppoſe the firſt 
Revolution to be terminated at F, and the ſecond at G; as theſe are made 
in the ſame Manner, they are ſimilar Curves, differing only in Magaitude, 
and having their Diſtance from the Center diminiſhed in the ſame Propor- 
tion; therefore AC is to FC, as this laſt is to GC, and all the Diſtances from 
the Center, terminated by ſucceſſive Revolutions, make a decreaſing geome- 
trical Progreſſion. If F falls upon a Point equally diſtant from A and the 
Center C; in which Caſe the Angle BAC will exceed 83 Degrees 42 Man. 

| a Revolution will be terminated in G, the middle Point di” 
OL, I. C 
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F and C, which alſo ſhould: be applied to the following Gyrations : And 


any Point that is moved in-the Curve when it makes any entire Revolution, to- 
wards the Center, paſſes through the half of its Dittance from the Centern the 
Beginning of its Revolution. Therefore, although it will come ta as ſmall a 
Diſtance from the Center as you pleaſe, it cannot reach it in one Revolution; 
and if the Number of Revolutions is increaſed, as much as you pleaſe, yet 
will it not come to the laſt, and the Number of Revolutions will exceed every 
fmite Number. | 

Yet it is certain that % Curve reaches to the Center and is there termi- 
nated, For the Parts of the Curve paſſed through by the Point deſcribing, 
the Curve, in every one of the ſucceſſive Revolutions, make a geometrical. 
Progreſſion. For each of the Revolutions is form'd in the ſame manner; 
and are to one another as the Diſtances from the Center, which we ſee make 
a geometrical, Progreſſion. But the Sum of all the Ferms of ſuch a Pro- 
greſſion decreaſing and continued in inſinitum, is finite, as IJ have demon- 
{trated it to be in a peculiar Caſe *, and which may be proved of all by a 
like way of reaſoning. Therefore the Sum of all the Parts to be paſſed 
through by a Point in every one of the Revolutions, that it may come to 
the Center, is alſo finite: And this Point will come to the Center with a 
fmite Velocity, and in a finite Time, after it has made an infinite. Number of 
Gvrations, I determine the Length of the Way paſſed through alter the 
tollowing Manner, 

Let there be a Portion of a Curve AB EG; whoſe Cemer is C; with: 
which Center, and the Radius CG, let there be deſcribed a Portion of a 
Circle GL, cutting the Line CA in L. 

Let us ſuppoſe LA to be divided into the equal, but ſmall Parts, AD, 
DI, IL, through whoſe Diviſions let us conceive Portions of Circles deſcrib'd 
with the Center C, cutting the Curve at Band E; and the Radii BC, EC 
being drawn, let the right-angled Triangles A DB, BFE, EH be made, 
in N upon account of the ſmall Lines AD, DI, IL, the Hypotenu- 
ſes, though Portions of a Curve, may be looked upon as right Lines; for 
the Number of the Parts in AL may be conceived to be increaſed in infi- 
nitum, thole Things remaining which have been explained hitherto, as well as 
thoſe that follow. | 

The Triangles mentioned are all ſimilar to each other; becauſe they are 
rectangular, and beſides, they have the Angles BAD, EBF, GEH equal, 
from the Nature of the Curve. They are likewiſe equal “, becauſe of the 
homologous equal Sides AD, BF, EH, which follows from the Equality 
of the Parts AD, DI, IL. 

From A let the Line A c be drawn, making the Angle CA c with CA, 
equal to the Angle CAB; let Ce, Lg, Ie, De, be drawn perpendicular 
to AC in the Center C, and in the Points L, I, D, cutting Ac in the 
Points c, g, e, &; and & f and e h being drawn parallel to A C, the Trian- 
gles AD, fe, e hg are made, which are ſimilar and equal to each 


other, and to the Triangles ABD, BFE, E HC, as appears from the 
Conſtruction. Therefore 
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Therefore the Hypotenuſes A 5, þ e, e g, are equal to the correſponding 
Hypotenuſes AB, BE, EG, i. e. the Line Ag is equal to the Portion of 
the Curve ABEG, | # 
Hence it appears how any Portion of the Curve may be meaſured, and 
that the Curve is equal to the Line Ac, if it be continued to the 


Center. 0 


— 
12 


SCH OLIUM uU. 
Concerning the Inequality of Infinites. 


T will plainly appear, hat all Infinites are not equal, if we conſider 53: 
that a Line, which is extended one way, may be drawn out in infini- 
tum, and that ſuch a Line is infinite; yet will it be leſs than another Line, 
which we conceive to be produced in infinitum both ways, and the Sum of 
both will exceed this alſo. 

An infinite Line contains an infinite Number of Feet, 'and twelve times 

the Number of Inches. | 
Me likewiſe diſcover the Inequality of Infinites, by comp:ring the diffe- 
rent Logarithmical Spiral Curves, mentioned in Schalium J. 

Beſides the Curve juſt mentioned, and in part deſcribed here, let us con- 54 
ceive another Logarithmical Spiral alſo, proceeding from A, and tending Log . 
towards the Center in ſuch manner, as to come to Fin two Revolutions; in- 8 © 
two more it will come to G; becauſe two Revolutions are required, that 
in its way to the Center it may paſs through half the Diſtance from it: The 
Number of Revolutions in this is double the Number of Revolutions in the 
firſt Spiral, when it approaches equally to the Center with the firſt ADF; 
and it will come to the Center in twice the Number of Revolutions : yet 
neither Curve will reach the Center, without an infinite Number of Revolutions. 


SCHOLIU M II. 
Concerning the Claſſes of Infinttes. 


HA relates to the various Claſſes of Infinites, is the greateſt Pa- 
radox of all that is demonſtrated concerning them, and immenſely 
exceeds our Ideas. 5 383. 
Let there be a Parabolick Curve ABC, having any Abſciſs A D, and the plate Il. 
Ordinate correſponding to it BDO. | Pig. 4. 
It is a known Property of this Curve, that an Ordinate is a mean Propor- 
tional between the Abſciſs and a certain determined Line, called the Para- 
meter: Wherefore, if any Abſciſs is called x, its correſponding Ordinate), 
and the Parameter a, we have in all the Points of the Parobola = x, y, a; , 2 
therefore a x=y y * which Equation therefore expreſſes the Nature of the g g 1 
Parabola. If x vaniſhes y vaniſhes alſo, and the Parabola agrees . F, lib. 3. pro. 2. 
C 2 drawn 
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drawn parallel to the Abſciſſes, through A, and the whole is beneath this 
Line, which is tangent to it, and with which it makes the mixt Angle 
FAC. . | | 

If a is increaſed, x remaining, y is increaſed; and the Parabola enlarges 


itſelf, or rather a new one is made, in which all the Ordinates exceed the 


correſponding Ordinates of the firſt Curve; ſo that the firſt Curve is inclu- 
ded in the fecond, which paſſes between the firſt and the Tangent AF, and 
makes a ſmaller mixt Angle with it. But the Parameter may be increaſed 
in infinitum, and upon that account the Angle which the Parabola makes 
with the Tangent, may be diminiſhed in inſinitum; as I have lately demon- 
{trated this concerning a Circle “. 

Keeping the Axis AD and Vertex A, let there be given another Curve 
AEG, and let its Ordinates be called z, and their Relation to the correſpond- 
ing Abſciſſes x, be expreſſed by this Equation, & 2: þ denotes a con- 
ſtant Line. 

By increaſing þ all the z are increaſed, and the Curve is changed into one 
more open, and the Angle of Contact is diminiſhed, which by increaſing þ 


may be diminiſhed in infinitum. 


Therefore we have two Claſſes of Angles decreaſing in infinitum : but the 
ſecond taken all together is infinitely ſmall with reſpect to the firſk, For I de- 
monſtrate that any Angle in the ſecond is exceeded by any Angle, i. e. how- 
ſoever ſmall, in the firſt. | 

Let c be a third proportional to à and 5, howſoever taken; therefore 

2c=bb. By multiplying the Equation @ x =y y by c, we have a cx c, 
I. e. bbx=yyc. In the ſecond Curve 4b is equivalent to z+ ; therefore 
3*=»9 vc, if the Abſciſs x is the ſame in both Curves. 
From this Equation we deducez; c ::yy, 2* : Whence it appears that yy is 
exceeded by z , i. e. that y is ſmaller than 2, as long as this is exceeded by e, 
whence it follows that the ſecond Curve is given between the Tangent and 
firſt Curve, whilſt it proceeds from A, before z is equivalent to c, which 
that it obtains univerſally appears from this Demonſtration. 

Let us now ſuppoſe a third Curve AI to be given, whoſe Axis allo is 
APD, and whoſe Equation is d' x , the ſame Abſciſſes x remaining; 1 1s 
any Ordinate; and 4 a determined Line; if we increaſe this, we alter the 
Curve, and diminiſh the Angle which the Curve makes with the Tangent 
AF; and by theſe Curves is formed the third Claſs of Angles, which may 
be diminiſhed in infinitum, and in which there is no Angle, which is not 
exceeded by any Angle in the ſecond Claſs. 

þ and d being given in any Proportion, let & þ be to dd; as d to a fourth, 
which we will call e; therefore þ be will be = ds; and the Equation of 
the Curve = , being multiplied by e, will be chang'd into this 
bbex = d xz and therefore 3 e= u, if regard is had to the 


ſame Abſciſſes in both Curves ; therefore 4:e::2* : * ; therefore ex- 
ceeds 2, as long as e exceeds 1, and by proceeding from A, the Curve, 
"Whoſe Abſciſſes are u, paſſes between A F and the other Curve. & E. D. 


The 
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The Curves, whoſe Equation is f x = z 5, a determin'd Quantity 7 
being laid down in each of the Curves, and any Ordinate t, will give a 
new Claſs of Angles leſs than all that have been mention'd, and in the ſame 


manner Claſſes may be form'd in infinitum, and all the Angles in any Claſs 


are always exceeded by all the Angles in the foregoing Claſs, and do exceed all 
the Angles in the following Clofs. | 


Between any two Claſſes there is given an infinite Series of Claſſes ; all of 


which have the ſame Property, that any Angle cf one is infinitely ſmall with 
reſpet? to the Angles of the foregoing Claſs, i. e. is exceeded by them all, and 
infinitely great with reſpect to the following Claſs, all the Angles of which it 
exceeds. | 

The Curves ax =y yand 4b x= 2 form different Claſſes ; becauſe 
the Dimenſion of the Ordinates z * in the ſecond excceds by Unity the Di- 
menſion y * of the firſt Curve; but I will ſhew that the Claſſes differ, how 
little ſoever theſe Dimenſions differ, whence will appear what was propos'd : 
becauſe Numbers without end = be given betwcen theſe Numbers 2 and 
;, and any others, which differ from one another, none of which, how 
lutle ſoever different, can be given, between which other Numbers again 
without end cannot be given. 

Let a x.be = y and g I x=F 1. e. g TNA, 5 denotes 
the Ordinates; and g a conſtant Line, as long as the Curve is not 
chang' d. As a is to g, ſo let g s be to a fourth Quantity, which let be 
calbd 5 ; therefore g 1 = ah 45 3 by multiplying the Equation 
ax=yy by Be, there is given ab . H = TH = 
whence I deduce 4 e, Be: : %. 55. Therefore near the Point A, 
where s is neceſſarily leſs than which is determin'd, y will be alſo leſs than 
5; whence follows what was ſaid of the Angles. 


It is alſo deduc'd from the Conſideration of mean Proportionals, that 
here are given intermediate Claſſes in infinitum, differing allo in inſinitum, 


between any two Claſſes of Quantities, which differ in inſini tum. 

If A is infinitely great with reſpect to a, any mean Proportional &, be- 
tween theſe Quantities, is leſs than A, and greater than a, yet has it not a 
finite Ratio to A or 4; for the Ratio of A to a is compounded of the Ra- 
tios of A to 5, and & to a, and a Ratio compounded of two finite Ratios is 
alſo finite; therefore as A and à differ in inſinitum, the Ratio between A 
and 6, or þ and a, exceeds every finite Ratio; wherefore it is alſo. infinite, 


Mean Proportionals between two Quantities may be given in infinitum. 


SCHOLIUM IV. 
Concerning the Subtilty of Parts. 


HE Weight of the Gold for gilding the Silver, mentioned in 
Ne 28, is + of the Weight of the Silver. When the Weights are 
equal, a Piece of Gold is to a Piece of Silver, as 10 to 19, therefore the 
Bulk of the Gold with which the Silver is cover'd to the Bulk of the Silver, 
25 I tO 114. for 10: 19: : 60: 114. A 
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therefore a cubic Foot of Siiver wei... g Pounds. 


is to 11; therefore the Weight oi « dric Foot of Silver is 499 Pounds, 
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A Cubic Foot of Water weiglis © uunds, Silver is ten times heavier ; 


& 


A Cube is to a Cylinder of tief ameter and Height, nearly as 14 


7984 Ounces, 

One Ounce is ſtretched out into-- of 14000 Feet, and in a cylin- 
dric Foot there is contain'd a WI. 1117/6000 Feet in Length, i. e. 
there are ſo many Wires each one god long. | 

The Surfaces of Circles are as mne Squares of their Diameters, therefore 
the Square of the Diameter of the W.re to the Square of one Foot is, as 1 
to 111776000 ; the Roots of which Numbers are 1 and 10572, in which 
Ratio the Diameters mentioned we: therefore the Diameter of the Wire is 
Ter Of a Foot, or of an Inch. Gold is put round it, and the Bulk 
is increas*d rr, i. e. the circular Section of the Wire is ſo much increas'd, 
which will happen if a Flate is put round the Wire, whoſe Thickneſs is a 
fourth Part of the +, Part of the Diameter; for the Area of the Circle is 
found by multiplying the Circumference by the fourth Part of the Dia- 
meter. | | 

Therefore the Thickneſs of the Gold is of the Diameter of the Wire, 
which is Zur of an Inch, ſo that the Thickneſs of the Gold is u of 
An Inch. 

Theſe ſmall gilt Wires are made flat, that they may be wound about 
ſilken Threads, whereby their Surface is at leaſt three times as great as 
before, and the Thickneſs of the Gold is diminiſ'd in the ſame Ratio, fo 
that it is rene 

The Wire is not equally gilt in all Parts, and the Thickneſs of the 
Gold is in ſome Places perhaps twice as ſmall as in others, wherefore I ſhall 
not at all exceed the Truth, if I lay down the Thickneſs, where it is 
leaſt, eos of an Inch; i. e. the thouſandth Part of an Inch is divided 
into two thouſand Parts. 

Gold is thus actually divided; and therefore the Particles, which are ſe- 

arated by Art, have no greater Diameter, and in a golden Sphere of one 
Inch Diameter there are 8. oo00O.ooO0. oO. OOO. 000.000, ſuch Parts; and in 
a very ſmall Grain of Sand, viz. whoſe Diameter is the hundredth Part of 
an Inch, there are 8.000.000.000.000. ſuch Particles: therefore one of 
theſe Particles 1s to the Grain of Sand, as this is to a Globe, whoſe Dia- 
meter exceeds 16 Feet, and this Globe would not contain a greater Number 
of theſe Grains of Sand, than the Grain of Sand contains of ſuch Particles. 
But this Globe contains 4096 Globes of one Foot Diameter. | 
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GH AFP. V. 


Concerning the Coheſion of Parts; where I ſhall treat of 


Haraneſs, Softneſs, Fluidity, and Elaſticity. 


LL Bodies that are perceived by our Senſes, confiſt of very 
| ſmall Parts, no one of which is indiviſible in itſelf; but all 
of them are in reſpect to us: For all the Diviſion we can make, is 
only a Separation of Parts. 

If a great Force is required. to make ſuch a Diviſon, or a Separa- 
tion is made upon a ſmall Motion of the Parts, fo that the Body is 
broke upon a ſmall bending, it is called a hard Body. 


If the Parts yield more eaſily and fall in by being preſſed, ſuch a 


Body is ſaid to be /t. | 

But this great and leſs Force, in the common Signification, deter- 
mine nothing; for a Body that is hard, in reſpect to one Man, ſeems 
ſoft to another, 


DEFINITION r. 

A Body is ſaid to be bard, in a philoſophical Senſe, when its Parts 
mutually. cohere, and do not at all yield inwards, ſo as not to * din 
to any Motion in reſpect to each 8 without breaking the Body. 

We know of no ſuch perfectly hard Body, but Bodies are ſaid to be 
harder, as they approach nearer to this perfect Hardneſs. 


DEFINITION 2. 
A Body is ſaid to be foft, in a philoſophical Senſe, when its Parts 


yield inwards, and flip in upon one another, even though it may require 


a Blow with a Hammer to do it. 


DEFINITION 3 


4 Body whoſe Parts yield to any Impreſſion, and ”— yielding are 


eafily moved, in reſpect to each other, is called a Fluid. 

All theſe Things depend upon the Coheſion of Parts ; the cloſer 
a Body is, the nearer it approaches to Hardneſs. 

But the Hardneſs of the ſmalleſt Parts does not differ from their 


ture, 


Solidity; it is an eſſential Property of a Body flowing from its Na- 
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ture, which is no more to be explained, than why a Body is extended, 


or a Mind thinks. 
I do not know whether all Bodies conſiſt of Parts that are equal 


and alike : And there are alſo ſeveral Things very difficult, in rela- 


tion to the Cauſe of the Coheſion of the ſmall Parts of Bodies. 
The Laws of Nature, which are admitted here, are deduced from 


Phænomena. 


It is a particular Law of Cobeſian, that all the Parts have an at- 
tractiue Force; i. e. if they are near to each other, they tend to one 
another ſpontaneouſly ; the Cauſe of which Motion we do not know, 
but as we obſerve this Motion generally to take place, and that all 


Particles are ſubject to it, we rank it among the Laws of Nature *. 


DEFINITION 4. 
By the word Attraction J underſtand, any Force by which two Bo- 
dies tend towards each other; though perhaps it may happen by Im- 


pulſe. We give this Name to the Phænomenon, and not the Cauſe 
of it. | 


We do not here alter the common Signification of this Word. 


For we generally ſay, that a Body is moved by Attraction as often as 
it tends to another Body, if the Preſence of this laſt is required to 


produce this Motion. In this ſenſe we ſay, that a Loadſtone draws 
Iron, that a Man draws towards himſelf a Body, which is tied to a 
Cord, and tends towards him, by his Action. Upon this account 
in many Caſes we don't ſcruple to refer thoſe Motions to Attraction, 
in which there is a manifeſt Impulſe ; we expreſs the Effect itſelf 
and nothing elſe, by the word Attraction, without having any re- 
gard to the Cauſe of it. But we refer that Attraction alone to the Law: 
of cit which we find to obtain in the ſmalleſt conſtituent Parts of 
Bodies. 

But this Attraction of the ſmalleſt Particles is ſubject to theſe Laus; 
That it is very great, in the Contact of the Parts; and that it ſuddenly 
decreaſes, inſomuch that it acts no more at the leaſt ſenfible Diſtance ; 
nay, at a greater Diſtance, it 1s changed into a repellent Force, by 
which the Particles fly from each other. 

By Help of this Law, ſeveral Phænomena are very eaſily explained 


and that Attraction and Repulſion is fully proved by a vaſt Number 


of chymical Experiments. That there is ſuch a Thing appears allo 


from the following Experiments. 


Px. 
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EXPERIMENT I. 


We ſee that in all fluid Bodies all the Parts attract one another, 
from the ſpherical Figure that the Drops always have; and alſo be- 
cauſe there is no Liquor whoſe Parts do not in a manner ſtick toge- 
ther, which is evidently true even in Mercury itſelf. 


EXPERIMENT 2. 


But this mutual Attraction of Particles is much better proved; 55. 
becauſe in all Liquids, two Drops, as A and B, as ſoon as they ru. 
touch one another ever ſo little, they immediately run into one *'8: 2. 
large Drop, as F. All which things, as they alſo happen in liqui- 
fied Metals, it follows, that the Parts of which they are compound- 
ed do attract one another, even when they are ſeparated by the Mo- 

tion of the Fire. 4 

This Motion is to be attributed to a Force acting either upon the 78. 
external Surface of the Drop, or upon each of the ſmall Particles, 
of which the Drop is made. | 

It is manifeſt that it can't be aſcribed to a Force acting upon the 
Surface, unleſs we ſuppoſe the Preſſure to be equal upon every 
part; but I have deduced from the Laws of the Preſſure of Fluids, 
in Chap, 3. Book II. that the Figure of the Drop cannot be changed 
by ſuch a Preſſure. 

For it appears at firſt View that the Preſſure upon the Surfaces pute 1. 
a h and c d of the oval Drop a bc d exceeds the Preſſures upon the Fig: 3- 
Surfaces à c, bd, if the Drop has every part equally preſſed. Yet 
the Drop can't become round, without the leſſer Preſſures over- 
coming the greater, which is abſurd. 

Therefore the Force acts upon every one of the ſmall Particles. 
Whereby they each either tend to thoſe next to them, or are re- 
moved from them : They are not ſeparated ; therefore the Motion 
can only be aſcribed to that Action, whereby the Particles tend each 
to thoſe next to them, which Motion we call Attraction“. 773 

This being laid down, the greater the Number is of the Particles 579. 
Which attract one another between two Particles, the greater is 
the Action with which they are carried towards one another; 
which produces a Motion in the Drop, till the Diſtances between 
the oppoſite Points in the Surface become every where equal ; which 
can only happen in a ſpherical Figure. 3 
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He, who ſhould diſcover the Cauſe of this Attraction, would do 


great ſervice to Phyſics; I only affirm that it is, and that it is the 


immediate Cauſe of Cohefion : And I deduce its Univerſality from 
what is ſaid before *. | 

Several Bodies act upon other extraneous Bodies by this Attrac- 
tion, by an immediate Application of Parts, I ſhall give a few 
Examples, in which the Effects of it are moſt remarkable. 


EXPERIMENT 3 


Having ſcraped two leaden Balls a little, ſo as to make two ſmall, 
lain, and bright Surfaces, if we apply. theſe to each other, and 
bring the Parts cloſe by Compreſſion, upon account of the Soft- 
neſs of the Metal, we ſball have a ſtrong Coheſion between the Balls, 
which will be ſo much the greater, as more Parts touch one another ; 
and how ſmall ſoever it is, yet will it always very much exceed that 
ſmall Coheſion which may be attributed to the Preſſure of the Air. 


EXPERIMENT 4. 

The ſmall Glaſs Tubes, , tt, tt, open at both Ends, are immerg'd 
in Water, as they are repreſented in the Figure. The Water 
aſcends ſpontaneouſly into them ; and ſo much the higher, as the Dia- 
meter is leſs. If the Tubes are very ſmall, they are called Capillary 
Tubes ; but the Experiment will alſo ſucceed in the larger, whoſe: 
Diameters, for Example, are equal to the ſixth Part of an Inch. 


It is plain from the following Experiment, that this Effect is not 
to be attributed to the Preſſure of the Air. 


EXPERIMENT 5. 

The ſmall Tubes 2, rt, &c. are fixed to a piece of Cork; which: 
Cork is faſtened to a ſmall braſs Wire AE, paſſing through the 
Hole O of the Glaſs Receiver R; then the Air is exhauſted from 
the Receiver R by help of an. Air-pump. 'The Receiver being pla- 
ced on the Air-pump Plate, the Tubes are immerged in the 
Water, contained in the Glaſs CD, by moving the Cylindric braſs 
Wire AE; in this Caſe the Water aſcends into them juſt in the ſame 
manner as in the foregoing Experiment. How the Wire may be 


_ without letting in the Air, ſhall be ſhewn in what fol- 
WS. | 


Ex- 
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EXPERIMENT 6. 


'The two Glaſs Planes ABCD touch one another at AB, but are 
a little ſeparated at CD, by thruſting ſome thin Plate between them; 
their Edges CB are immerged in ſome colour'd Water in ſuch man- 
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ner, as to have their Sides AB and CD kept vertical; the Planes 


being moiſten' d firſt in the Inſide with the ſame Liquor. 

The Water riſes between theſe Planes by their Attraction, and it 
riſes higheſt where the Planes are neareſt together; and as their Di- 
ſtance continually decreaſes from CD to AB, the Water riſes up to 
different heights in every Place, and makes the Curve Line e f g. 


EXPERIMENT 7 


ABCD are two Glaſs Plates, or Planes, touching one another at 
AB, but a little ſeparated at CD, by thruſting a thin Plate of any 
kind between them. They are ſuſtained by a wooden Frame. The 
Plates may be inclined to the Horizon, by raiſing the End AB, 
where they are joined. This 1s performed by means of the Screw 
HI; whoſe exterior Part is the Solid L, joined to the Frame, and 
by moving the Screw the Inclination of the Planes may be changed 
at pleaſure. 

A Drop of Water or Oil, G, is put between the Planes, ſo as 
to touch both the Planes, which muſt before-hand be moiſten'd 
with the ſame Liquor; this Drop is attracted by both Planes, but 
the Attraction has a greater Effect upon the Drop, where their Di- 
ſtance is the leſs : that is, a greater at e than at /, therefore the 
Drop is moved towards e, that is, aſcends, and moves upwards the 
faſter, in proportion as it is higher, the Surfaces of the Drop that 
touch the Glaſſes growing larger, where the Diſtance between the 
Planes is diminiſhed. The Angle of Inc'ination of the Planes may 
be ſo increaſed, that the Gravity of the Drop ſhall balance the At- 
traction, and then the Drop is at reſt ; and in that Caſe, if you 1aiſe 
the End AB of the Planes {till higher, the Drop will deſcend by its 
Gravity, which will then overcome the Attraction. 


EXPERIMENT 8. 


Quickſilver unites itſelf to Gold and Tin; alſo Water and Oil 
ſtick to Wood and clean Glaſs, 
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We have Inſtances of Repulſion between Water and Oil, and 
generally between Water and all unctuous Bodies; between Mercu- 


ry and Iron; as alſo between the Particles of any Duſt. 


EXPERIMENT 

If a Piece of Iron is laid upon Mercury, its Surface is depreſſed 
about the Body immerſed, as it is repreſented about the Balls A and B 
(Fig. 6.) and after the ſame manner, where Attraction obtains, the 
Surface of the Liquor is higher about the floating Bodies, as about 
the Balls A and B (Fig. 5.) and does not run to a Level by its 
Gravity ; ſo here, where the repellent Force exerts its Action, Fluids, 
notwithſtanding their Gravity, do not run down to fill up the Cavi- 
ties which are made round the floating Bodies, 

But we muſt not attribute this Cavity to the Attraction of the 
Particles of Mercury. I confeſs, ſuch a Cavity may be formed by 
this means, tho' the Mercury ſhould be attracted by Glaſs, if the At- 
traction were leſs than that, whereby the Particles of Mercury attract: 


each other. But it appears from the following Experiment that 
this is not the Caſe. * 


EXPERIMENT 10. 


Let Mercury be pour'd into a recurve glaſs Tube BAE, having 
one of its Legs narrow, not exceeding in Diameter E, the twelfth 
Part of an Inch, the other Leg BC being wider. When the 
Mercury is at reſt, the Heiglit in the two Legs will be unequal, and 
greater in the wider Leg. 

Who does not ſee that the Depreſſion of the Mercury in the 
narrower Leg can't be attributed to Gravity? Neither can it be at- 
tributed to the Attraction of the Parts, whereby the Weight can't 
be alter d. Therefore this Effect depends upon the Action' of the 
Glaſs, whoſe Attraction raiſes Water, and whoſe Repulſion de- 
preſſes Mercury. 

We muſt attribute to Attraction and Repulſion the Phænomena 
of Balls floating upon Fluids; when they attract the Fluid, it aſ- 
cends all round them, as at /, g, b, c, (Fig. 5.) when they repel the 
Fluid, it is made hollow on every fide, as at /, g, b, c, (Fig. 6.) *- 

If in the Veſſel, in which the Experiments are made, the Fluid 
i attracted by the Sides of the Veſſel, it is ſuſtained all over, and 5 
higher near the Sides, as at e (Fig. 5.) when the Veſſel is ſo * 
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that the Fluid runs down from all Parts, then, by the mutual Attrac- 

tion of the Parts, it ſtands higher in the middle than at the ſides, Plate I. 

and forms the Convex Surface CBD in the Veſſel A. Fig. 7. 
From theſe Principles only are the following Experiments ex- 

plained. 


EXPERIMENT 11. 


When a glaſs Veſſel is not quite full of Water, a glaſs Bubble al- 92. 


ways runs to the Side, and there remains, provided it be not laid Plate 1. 
on too far from it. The Bubble is equally preſs'd every way by the © 
Water, but when it comes to the Side of the Veſſel, ſo that the | 
two Elevations e, f, concur, the Force, by which the Water is 

rais'd there, does in part take off the Preſſure; and the oppoſite 
Preſſure overcomes; but the Elevations are extended more than 
appears. After the ſame manner two Bubbles at a certain Diſtance 
mutually draw near one another, 


EXPERIMENT 12. 


When the Glaſs is ſo full as to be ready to run over, the Bubble 9g 3. 


goes off of itſelf from the Side to the Middle of the Glaſs ; becauſe Flate 


the Force, by which the Water is rais'd in the Middle, diminiſhes 9 


the Preſſure from that Part. 


ExPERIMENT 13. 


Two Iron Balls alſo, laid upon Mercury in a Glaſs, mutually 94. 


attract each other. And theſe are likewiſe carried towards the 
Sides of the Glaſs : the Reaſon of both Phænomena is this; there 
are Cavities round the Balls, and the Sides of the Glaſs *; where * 91. 
the Cavities are join'd, the Preſſure is diminiſh'd, and both Balls are 
earry'd towards that Part. | 

We have alſo notable Inſtances of Attraction in Cryſtalliſations. 


DrrINITION 5 


That Property of Bodies is call'd their Elaſti city, by which they 96, 


return of themſelves to their former Figure, when it has been alter d 
by any Force, and this Force ceaſes. 

If any compact Body be dented in without the Parts falling into 
that Dent, it will return to it's former Figure, from the mutual 
Attraction of it's Parts. 7 
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97. It ſhall be alſo-ſhewn in it's proper Place, that that Property of 
the Air, which is call'd it's Elaſticity, ariſes from the Force where. 
by it's Parts repel one another. | 

98. And leſt any one ſhould imagine, becauſe we don't give the 
Cauſe of the ſaid Attraction and Repulſion, that they muſt be look'd 
upon as occult Qualities: We ſay here with Sir Jſaac Newton, 
That we conſider thoſe Principles not as occult Qualities, which 

are ſuppos'd to ariſe from the fpec:fick Forms of Things; but as 

* univerſal Laws of Nature, by which the Things themſelves are 

* form'd: For the Phænomena of Nature ſhew that there are [ 
really ſuch Principles, tho' it has not yet been explain'd what 

their Cauſes are. To affirm that the ſeveral Species of Things 

have occult ſpecifick Qualities, by which they act with a certain 

Force, is juſt ſaying nothing. But from two or three Phænomena 

of Nature to deduce general Principles of Motion, and then ex- 

© plain in what Manner the Properties and Actions of all Things 

* follow from thoſe Principles, would be a great Progreſs made in 

: 8 tho' the Cauſes of thoſe Principles ſhould not yet be 

* known,” 


A 
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SCHOLIUM I. 
Concerning the Effect of the Attraction of Glaſs upon Water, 


confider'd in general, 


LL the aqueous Particles are attracted by the Glaſs, at a ſmall 
Diſtance from it; i. e. they tend in right Lines towards all the Par. 
ticles of the Glaſs, whoſe Diſtance is not greater than the Power ot 
Plate II. Attraction between the Glaſs and Water reaches. Let the Surface of the 
Fig. 5. Glaſs be AB; a Particle C; this tends towards the Glaſs in the Line CD, 
perpendicular to the Surface; it alſo tends towards the Point e, and at the 
ſame time. it tends with equal Force towards all the Points in the Surface that 
are equally diſtant from D with e, i. e. thoſe that are placed in the Circumte- 
rence of a Circle, whoſe Diameter is ef f: by reaſon of the Equality of all 
theſe Forces the Point cannot be carried more to one Point than to another; 
therefore, as all theſe Forces act together, the Particle is drawn in the 
| Line CD. By applying a like Demonſtration to other Particles of the 
100. Glaſs, acting upon the Particle of Water, it will appear, that it tends is 

the Glaſs in a Line perpendicular to it's Surface. | 
Plate II. Let there be upon the Glaſs Plane AB the Drop G. All the Particles, 
Fig. 6, near the Glaſs, tend directly to it, and draw the Particles with which they 
cohere along with them; whence there ariſes a Motion in the Drop like to 
that, which would be in it, if it were preſs'd towards A B, by a Plane 


CO parallel to it: for the Effect of this Preſſure agrees with the Effect of 
1 | Attraction 
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Attraction; but by this Preſſure the Drop would expand itſelf every way; 
therefore this &xpan/ion is alſo the Effect of Attraction. 101. 
Let A B be che Surface of the Water; let a Part of the Glaſs Plane 102. 
F D, whoſe Thicknels is here repreſented, be immerg'd perpendicularly Plate II. 
in it. The Water is attracted by the Plane “, and endeavours to expand 3 
itſelf every way upon the Plane, as if it were preſs'd in the Direction B D. 4 101. 
By this Motion the Particles are driven only towards D, the contrary Mo- 
tions beneath the Surface deſtroying one another; therefore the Water will 
be rais'd, and the aſcending Water will be follow'd by that, which co- 
heres with it, and will be ſuſtain'd by the Glaſs ſo, that the Weight of the 
Water rais'd will be equal to the Force by which it is rais'd. 

Let this Height be D C, which we repreſent higher than it would really 
be; but the Water in CDG is ſuſtain'd by that Force alone, by which 
the Particles are driven upwards towards C: for where the Water is at 
reſt, the Forces, by which the Water between C and D endeavours to 
expand itſelf *, mutually deſtroy one another: for Example, a Particle at “ 101. 
e is preſs*d equally upwards and downwards, Therefore the Force which 103. 
ſuſtains the Water, is in the Proportion of the Breadth of the Surface, along 
which the Water aſcends, to the Height of the Water, meaſur'd in a Line 
parallel ta its Surface: which ſame Ratio the Weight of the Water raisd 
follows. | 


SGH. 


Concerning Capillary Tubes. 


E ſee that Water riſes ſpontaneouſly in the ſmaller Glaſs. Tubes *, 82. 
which how it is done now plainly appears. But tbe Quantity of 
the Water ſuſtain d, follows the Ratio of the Circumference of the Surface 104. 
of the Water rais'd *; and this Circumference, in cylindric Tubes, immers*d 103. 
perpendicularly, is increas'd or diminiſh*d with the Diameter of the Tube. 

Let there be two Tubes having the Diameters D, d; the Heights of 1045. 
Water in the Tubes A, a; the Quantities of the Water rais'd will be to 
each other as DA Aistod * x @ ®; therefore DA A, d4*xa:: D, d +; * 2: 11-14. 
by dividing the Antecedents by D *, and the Conſequents by du we have, 5 


A, a: : Þy 45 i. e. the Heights are inverſely as the Diameters. * 


SCHOLIUM III. 


Concerning the Aſcent of Water between the Planes, of which 
Mention was made in No 84. 


ET AC, BC, be two Lines repreſenting an horizontal Section of 106. 
the Planes in the Surface of the Water; let us ſuppoſe the Space, Plate 11. 
contain'd by the Angle A CB, to be divided by Lines as d e, fg, bi, Fig. 8. 
. 
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In, &c. at a ſmall and equal Diſtance from one another; it is manifeſt 
that equal Quantities of Water are rais'd in the Spaces df eg, him1*. 
and therefore that there are equal Priſms there, whoſe Heights are inverfely 
as their Baſes ; but theſe Baſes, becauſe they may be look'd upon as Pa- 
rallelograms, and have the Heights, 4 f, hl, equal, are to one another 
as de is to hi *; which are as 4 C is to h C. 

From this I deduce that the Curve e f g is an Hyperbola, whoſe Aſymp- 
totes are the Lines A B, where the Glaſſes touch one another, and the 
Surface of the Water, B C *. Upon account of the right Angle A BC 
the Hyperbola is equilateral ; for I have examin'd the Caſe in which the 
Line, where the Glaſſes mutually touch one another, is perpendicular to 
the Surface of the Water. 

The Height in the Tube is alſo eaſily compar'd with the Height be- 


tween the Planes. 


Let there be a Section M of a cylindric Tube, whoſe Semi- diameter is 


equal to the Diſtance e d between the Planes, It is maniteſt that the Force, 


which ſuſtains the watery Priſm, whoſe Baſe is de 5, follows the Proportion 
of the Line 4 f; for the Force, which ſuſtains the Parallelopiped, whoſe 
Baſe is df e g, is proportional to the two Lines d F and eg“. 

In the Tube the Force, which ſuſtains the Priſm whoſe Baſe is 0 p, is 


proportional to the Arc ap; becauſe the whole Circumference is propor- 
-tional to that, which ſuſtains the whole aqueous Cylinder, contain'd in the 


Tube. If 2 p and d F are —_— the Forces are equal which ſuſtain the 
Priſms ; and therefore the Priſms themſelves are equal; and in this caſe 
the Baſes 20 p, def, are alſo equal, wherefore the Heights of the Priſms 
don't differ, and the Water aſcends to the ſame Height both in the Tubes and 


between the Planes. 


The Experiment of the Aſcent of Water between the Planes may be 
made ſeveral ways. | 

It would be tedious and uſeleſs to conſider all that relates to this Matter; 
it is ſufficient to have examin'd the principal Cafe: ; I ſhall only obſerve in 
two other Caſes in which the Angle ABC, which the Line, where che 
Glaſſes are join'd, makes with the Surface of the Water, is either an 
acute or obtuſe one, the Glaſs Planes remaining perpendicular to the Sur- 
face of the Water, that the Water is alſo terminated by an hyperbolical 
Line, one of whoſe Aſymptotes is the Surface of the Water: the other is 
had by drawing B F perpendicular to CB, in the Point B; the Aſymptote 
requir'd will be B E; which divides F D into equal Parts, perpendicular to 
BF in any Point, and terminated by the Line B A. 

If DF paſſes thro? the Point D of the Hyperbola, B F will be the Semi- 
diameter conjugate with the Semi-diameter B D. 7 

In Fig. 10. the Hyperbola is not continued beyond F; yet the Water 
aſcends higher, but is terminated by another Curve. 

In Fig. 9. tho' the Hyperbola cuts the join'd Sides of the Glaſs Planes 
in D, the Aſcent of the Water is not terminated there, but the Curve 1s 
alter*'d from the Hyperbola, at a certain Diſtance, and different from 5 

According 
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according to the different Angle made by the glaſs Planes, and the Aſcent 
is continued along B A. For where there is but a ſmall Diſtance between the 
glaſs Planes the oppoſite Attraftions mutually help one another, whereby the 
Aſcent of the Water is increas'd. A like Increaſe of Action is mention*d 


in the following Number; and it alſo takes place in Light attracted by 
Bodies, as I obſerve in the laſt Number of Chap. 1. Book IV. 


SCHOLIU MM IV. 
Concerning the Motion of the Drop mention'd in Ne 85. 


E T us ſuppoſe the Planes, between which the Drop is mov'd, to be 
cut by another Plane, perpendicular to the ſaid Planes,. and to the 
Line which joins them: this Section is repreſented by the Figure; but as 
the Motion of the Drop depends upon the Inclination of the Planes to each 
other, I may repreſent this greater than what it really is, as likewiſe the 
Diſtance between the Planes, and the Diſtance at which the Glaſſes act 
upon the Oil. | 
Let A B, CD, be the two Planes; ee ff the Drop; g 5 the Diſtance 
at which the Glaſs attracts the Oil: All the Oil therefore between ez hb is 
drawn towards the Plane, and endeavours to expand itſelf every way upon 
the Plane *; but it cannot do ſo, by reaſon of the Coherence of the Parts 
of the Drop, and the oppoſite Forces at e and , which deſtroy each other; 
and the Drop would not be mov'd, if the Planes were parallel. But now, 
becauſe the Direction of the Action of the Attraction is perpendicular to 
the Glaſs, the Oil, in the Space f / b, is attracted by the Surface fg; and 
yields, becauſe this is deſtroy*d by no contrary Action; by which Motion 
the whole Drop is mov'd, whoſe Parts cohere together. Therefore the 
Drop tends towards that Part in which the glaſs Planes meet, as long as 


the Inclination of the Planes towards the Horizon is ſuch, that the Force of 


Gravity, whereby the Drop endeavours to deſcend along the Plane, is leſs 
than its Attraction, by which it is carried upwards, 
But when the Diſtance between the Planes is ſmall, the oppoſite. At- 
tractions help each other, and the Force is increas'd in a greater Pro- 
portion than the Diameter of the Drop; which Increaſe in the Ratio of the 
Diameter, may eaſily be deduc'd from what is demonſtrated above. 
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i CH A P. VI. 
Concerning Motion in general, where I ſhall ſpeak of 
| | Place and Time. 


Otion is a Tranſlation from one Place to another Place, or a 
continual Change of Place. Every Body has an Idea of it, 


which is ſimple, and can't be explain'd by Words. 


Place is the Space taken up by a Body, whoſe Idea is alſo ſimple. 
It is twofold, true or abſolute, and relative. 


DEFINITION 1. 
True Place is that Part of immoveable Space, which a Body takes 
up, = 
F ß 
Relative Place, which only can be diſtinguiſhed by our Senſes, 
is the Situation of a ys reſpect of ather Bodies. | 
True Place is often chang'd, whilſt relative Place is not, and fo 


Whence ariſes a true and abſolute Motion, and another Sort 
call'd a Relative Motion. 

Whilſt a Body moves, Time goes on. 

Time alſo is twofold; true or cke, and relative. 

True Time has no Relation to the Motion of Bodies, nor to the 
Succeſſion of Ideas in an intelligent Being, but y its Nature always 


„ inen 2. 
Relative Time is Part of the true Time meaſur d by the Motion of 


Bodies, this is perceiv'd by a Succeſſion of Ideas. 


All Motion may become ſwifter, as likewiſe a Body may move 
flower than it did before; a Succeſſion of Ideas alſo admits Accele- 
ration and Retardation; whence it follows, that relative Time dif- 
fers from true Time, for this laſt never flows faſter, or ſlower, 


DzriniTION 4. 
That Affection of Motion, by which a Body runs thre a certain 


Space in a certain Time, is call d Celerity or Velocity; which there- 
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fore is greater or leſs, according to the Largeneſs of that Space, and 
is always proportional to the Space. 
The Space run thro is alſo increaſed with the Time, if the Velocity 
is the ſame, 
Rive in general, the Space paſs'd tho is in the Ratio com- 121. 
nded of the Time and Velocity. 
Several Bodies being given, if in each of them the Velocity be 
multiplied by the Time, the Products will be as the Spaces paſſed 
through, 


120. 


DeFINITION ö. 


The Direction of Motion is in a right Line, which we ſuppoſe 122, 
drawn towards the Place whither the moving Body tends, 


DEFINITION 6. 

A Power, or Preſſure, is a continued Force acting upon a Body to 123. 
remove it from its Place, and which can exert an Action upon a Body, 
when it is at reſt, or when the Motion impreſs'd on it is not chang'd. 
Namely, if the Action of the Preſſure is deſtroy'd by a contrary 
Preſſure. | 

The Preſſure can act in a Place, whereby it is diſtinguiſh'd from 
the Action of a Body acting by its innate Force, which Action is 
always from one Place to another, 
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B O OK I. 
PART II. Concerning the Actions of 
PowERs. 


tte... ce 8 — 


C HAP. VII. 
How to compare the Actions of Powers. 


T appears, at firſt View, that thoſe Preſſures, i. e. Actions 
1 7 Powers, are equal, which produce equal Effects in equal 
Mes, Ft, 

No one will doubt of one Preſſure being able to overcome another 
to it. If it is not an Axiom, it may eaſily be deduc'd from 
the Propoſition foregoing, That equal Preſſures, acting in a contrary 
Direction, mutually. deſtroy each other, and that thoſe are equal which 
do deſtroy each other. . | | 

Whence it appears, That the Preſſures are to one another as the 
Effects produc'd in equal Times. 

Fan Obſtacle is preſſed, and does not leave its Place, the Preſſure 
is deſtroy'd by @ contrary Preſſure ; otherwiſe it would produce no 
Effect. If therefore it is not deſtroy'd by a contrary Preſſure, the 
Obſtacle yields. Here we are not to conſider that Force which is 
communicated to the Obſtacle upon certain Occaſions, whereby it 
continues in Motion *: I ſpeak only, in this whole ſecond Part, of 
the Tranſlation, which is the immediate Effect of the Preſſure, and 
which always takes place only in the firſt infinitely ſmall Part of 
Time, when the Obſtacle is moving by the Action of the Power. 

When the Effect of the Preſſure, not deſtroy'd by a contrary 
Preſſure, becomes the Tranſlation of the Obſtacle, it follows, That 
the Actions of different Powers, not deſtroy'd by contrary Preſſures, 
can only differ from one another in reſpect of the Obſtacles upon which 
the Powers act, and in reſpect of the Spaces paſs'd through by the Ob- 
facles in a certain Time, 


DE- 
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DEFINITION, 


T call the Magnitude of the Preſſure, when it is confider'd with 
relation to the Action upon a quieſcent Obſtacle, but permitted to 
move, i. e. the Capacity of acting, when the Preſſure is not de- 
ſtroy d by a contrary Preſſure, the Intenſity of the Poxver. 

Therefore the Iutenſities of the Powers are, as the Actions upon the 
Obſtacles, which are remov'd by the Preſſures. SG 

If the Obſtacles paſs through equal Spaces in equal Times, the Inten- 
ities of the Powers are as the Obſtacles x. 

If the Powers act upon equal Obſtacles, the Intenſities of the Powers 
are as the Spaces through which the Obſtacles are carried in equal 
Times . | 3 

But 5 both the Obſtacles and the Spaces paſs'd through by theſe in 
equal Times differ, the Intenfities of the Powers are as the Obſtacles, 
and as the Spaces paſſed through *, that is, in a Ratio made up of 
theſe. | | | 

For Example, if the Action of one Power acts upon a double 
Obſtacle, and it be mov'd thro” a triple Space; the Action, and 
therefore the Intenſity of the Power will be twice triple, or three 
times double, that is, ſextuple. This compound Ratio is had, if, 
Numbers being given in a Ratio of the Obſtacles, and others in a 
Ratio of the Spaces paſs'd through, in every one of the Powers, 
the Obſtacle be multiplied by the Space paſs'd through by it, for 
the Products will give the Compound Ratio that is ſought. 


If therefore Numbers are given, which expreſs the Intenſities of 


different Powers, theſe will be as the Products of the Obſtacles by 
the Spaces; if therefore each of the given Numbers be divided by the 
To paſs'd through by its Obſtacle, the Quotients will be as the Obfactes 
themſelves. | 8 
Therefore the Obſtacles are ſo much the greater, as the Intenſities 
are greater, and the Spaces paſs'd through leſs; that is, the Ob- 
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135. 


ſtacles are in a Ratio compounded of the direct Ratio of the Inten- 


ſities, and the inverſed Ratio of the Spaces gone through. 

If the Numbers, that expreſs the Products of the Obſtacles by 
the Spaces, that is, that expreſs the Intenſities of the Powers, be 
each divided by the Numbers, which denote the Obſtacles, the 


Quotients will be as the Spaces; which therefore are directly as the 


Intenſities, and inverſely as the Obſtacles. Th 
he 
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The Intenſities of the Powers are equal, if the Spaces paſs'd thry 
are in an inverſe Ratio of the Obſtacles. Foraſmuch as one Power 
exceeds another in reſpe& of the Obſtacle, ſo much is it exceeded 
in reſpect of the Space paſs'd through, For Example, if the Ob- 
ſtacles are as Eight and Six, the Ways paſs'd through as Three to 
Four, each of the Intenſities will be expreſs'd by the Number 
Twenty-four “. | 

All theſe Things relate to Actions upon Obſtacles left to them- 
ſelves, and which reſiſt by their Inertia only. 

I muſt now ſpeak of Preſſures mutually deſtroying one another, 
This only happens to contrary Preſſures, and theſe are contrary, 
when one reſiſts another, and becomes an Obſtacle in reſpect 
of it. 

In this Caſe equal Preſſures mutually deſtroy one another *: but 
there is this Equality when oppoſite Preſſures equally refit, For each 
acts upon the oppoſite Preſſure by its Reſiſtance. Theſe Reſiſtances 
are determin'd, firſt, if we conſider the Intenſities; for the Re- 
ſiſtances are as the Intenſities, when the Circumſtances are the ſame : 
for the Intenſity of the Power being chang'd, if other things are not 
alter'd, the Force by which it refiſts will be cbang d in the ſame 
Ratio. 

But Secondly, whilſt a Preſſure is overcome, and the Point, to 
which it is applied, is remov'd to a certain Diſtance, ſome deter- 
minate Action is requir'd, that this may be done in a certain Time; 
this muſt be doubled, if the ſame Thing is to be done twice in the 
ſame Time; that is, if the Point muſt be remov'd to a double Di- 
ſtance, in the ſame time. Then the Preſſure which is overcome, 
is twice overcome after the ſame manner, and twice reſiſts, that is, 
its Reſiſtance is double, therefore the Ręſſſtance of a Power, aboſ⸗ 
Tntenfity is not chang'd, increaſes, as the Space paſs'd through, in a 
certain time, by the Point to which it is applied. 

And the Actions of different Powers, by which they reſiſt contrary 
Preſſures, are to one another in a Ratio made P of the Intenſities of 
the Powers, and the Spaces, which may be paſs'd through, in the ſame 
time, by the Points, to which theſe Powers are epphed *, 

From theſe I deduce that Preſſures whoſe Intenſities are equal, act. 
ing in a contrary Direction, deſtroy each other in this Caſe only, when 
the Points, to which they are applied, if they are ſuppoſed to be 
in motion, paſs through equal Spaces *, 
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And theſe Spaces being put equal, they will not deſtroy ene another, 144. 
if the Jutenſities differ *, * 140. 
But Powers, whoſe Intenfities differ, may exert equal Preſſures, 
if they are applied to Points, which, being mov'd, paſs through 
unequal Spaces, and in ſuch manner, that as much as one Reſiſt- 
ance exceeds the other in Intenſity, ſo much muſt it be exceeded 
in reſpe& of the Way to be paſs'd through *, in which Caſe the 143. 
Inequalities are compenſated. 
Therefore oppoſite Preſſures are equal, and deſtroy one another, if 145. 
the Intenſities of the Powers are inverſely, as the Spaces to be paſs'd 
thro' by the Points, to which they are applied, in the ſame time, 
ſuppoſing them to' be in Motion. 
We may determine in general from the ſame Premiſes what is 146. 
requir'd, that many Powers acting on one Part, whilſt one or more 
att in a contrary Direction at another Part, may deſtroy them. 
The Intenſity of each of them muſt be multiplied by the way to be 
paſs'd thro', in a certain Time, by the Point, to which it is applied; 
and the Products will be to one another as the Actions of each of 
the Powers, whereby they reſiſt contrary Preſſures. Now iF the 
Sum of the Products of one Part be equal to the Sum of the Products 
of the other, the oppoſite Reſiſtances will be equal, and the oppoſite 
Actions will mutually deftroy one another. 
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CHAP. VIII. 
General Things concerning Gravity. 


PHANOMENON 1. 


LL Bodies near the Earth, if hinder'd by ns Obftacke, are 47.1 
carried towards the Eartb. 


A 


DEFINITION TI. 
The Force, by which Bodies are carried towards the Earth, is 
call d Gravity. 


148. 


DEFINITION 2. 
That Force, in reſpect to a Body acted upon by it, is calld the Weight 
of a Body, be 2925 A” e 


149. 
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| £ PHANOMENON 2, 
! The Force of Gravity acts equally, and every Moment of Time 
near the Earth's Surface. LR | ; 
There is indeed a ſmall Difference of Gravity in different Coun. 
tries, which we ſhall take notice of in Chap. 17. Book V. but it is 
too ſmall to be confider'd here, eſpecially becauſe it is wholly in- 
ſenſible in neighbouring Countries. | 

When the Deſcent of a Body is hinder'd by an Obſtacle, it al- 
ways preſſes the Obſtacle equally by its Weight tending towards 
the Center of the Earth; therefore it may be loo d upon as a Power 
acting upon an Obſtacle, and what has been demonſtrated concerning 
Powers in the foregoing Chapter, takes place here alſo. 


PH ANOMENON 3. | Kt 
Bodies that deſcend by the Force of Gravity move equally feift, 
if all Reſiſtance is taken away. EEE. 
This Phanomenon appears from the following Experiment. 


EXPERIMENT. 


Several glaſs Cylinders are put upon the Air-pump (by help of 
which the Air is taken out of Veſſels) in ſuch manner, as to make 
one Cylinder ſix or ſeven Feet high, whoſe Diameter is four or five 
Inches. The Air is exhauſted ; and a Piece of Gold and a Feather 
are let down from the upper Part of this exhauſted Veſſel, at the 
ſame Time; which come alſo to the Bottom exactly at the ſame 
Time. | 

If a little Air be let in, and the Experiment is repeated, there 
may be obſerv'd a Difference in the Deſcent, ariſing from the Re- 
ſiſtance of the Air, | 

I ſhall ſhew in Part I. Book III. where I ſhall treat of the Air- 


pump, and what relates to it, how this Experiment is to be ma- 


nag'd, and how it may with Conveniency be repeated ſeveral Times. 

This ſame Phenomenon is deduc'd from another Experiment 
alſo, to be mention'd in what follows. 

Hence it follows, that all Obſtacles whatſoever are carried by 
Gravity thro' equal Spaces, in equal Times, by the immediate 
Action of Gravity; for it appears that Bodies are mov'd in the 
ſame manner in the firſt Moment of Time, and that they are ac- 
celerated in the ſame manner in every one of the following Mo- 
ments ; therefore the Actions of Gravity upon Bodies are + 
Bodies 
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Bodies themſelves *, that is, the Weights are as the Quantities of * 132. 
Matter; and every one of the equal Particles of Matter weig 
equally, of whatſoever Body they are the Particles. | | 


When a Weight is conſider'd as a Power, the Intenſity of the 157. 


Power is proportional to the Quantity of Matter, in the weighing 
Body, and the Direction of the Power is towards the Center of the 
Earth, 


It was neceſſary to make theſe Remarks on Gravity, becauſe we 
make uſe of Weights in the Experiments about Preſſures. 


C HAP. IX. 


Concerning certain Machines, which are made uſe of in 
ſeveral Experiments. 


DEFINITION I. 
Single Pulley is a little Wheel moveable about an Axis, about 


158. 
which a Rope being put, is call'd the drawing or running Rope, Plate fir 


The Pulley is T, the drawing Rope a bc d. * 
By this Machine the Direction of the Power is chang'd, nor is it 


of any other Uſe, when fix'd ; for in this Caſe, a Force, or Power, 159. 


applied to the drawing Rope, as M, which is equal in Intenſity to the 
Obſtacle P, balances it *: for the Obſtacle is a contrary Power, 144. 
which, if it be mov'd, paſſes thro' a Space equal to that which is 
paſs'd thro' by the oppoſite Power in the ſame Time. 

I often make uſe of Pulleys in thoſe Experiments, by which I 
illuſtrate the Actions of Powers; for Weights are applied, whoſe 
— (as they all tend downwards) are frequently to be 
chang'd. 


Many Pulleys are join'd to the Machines themſelves, others are 


ſeparate, and may be applied to different Machines, ſuch are re- plate IV. 
preſented at T, and T. But there are ſeveral Figures of each not re- Fig: 1, 3. 


preſented ; five or ſix are ſufficient. 


The PULLEY, whoſe Box turns about its Axis. 


The Sheave or Wheel m of this Pulley, turns after the uſual 1 60 


Manner; but beſides, when the Pulley is fix d, its Box is move- Fig. 4 


able, and ſuppoſing in Tail vertical the Plane of the circular Piece 
or Sheave , may have every vertical Situation poſſible. | 
You. I. | F The 
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156. 


34 


161. 


Plate IV. 


Fig. 3» 4+ 


162, 
Plate IV. 


Fig. 5. 
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The Parts of this Pulley are to be ſeen ſeparate in Fig. 2. and 
are, 1. The Tail R, to which the Screw D ſhould alſo be referred. 
2. The Box 8, Part of which is the thin Plate g. 3. And laſtly, 
the circular Piece itſelf , call'd a Sheave. 

By help of the Tail, the Pulley is join'd to Machines, and fix'd , 
then the Part c of the Tail, is put thro' a ſquare Opening, which it 
fills exactly, and the Plate & is made faſt to the Surface of the 


Body, by turning the Screw D. | 


'The Sheave m is ſhut up in its Box, and is ſuſpended in it be- 
tween the Plates g and /, the Ends of the Pulley's Axis being fo 
plac'd in the Holes :, i, that the Axis turns in them. In this Caſe 
the Plate g is applied to the ſolid Piece e, and faſten'd by the 
Screws /, /. 

The ſame ſolid Piece e is perforated at 72; having a cylindric Ca- 
vity, which is made very ſmooth in the Inſide. Thro' this the 
iron Pin 9 goes, which is exactly cylindrical, well poliſh'd, and 


fills the Cavity. At its Extremity 7 it is ſomewhat larger, to re- 


ceive the Head of the Pin. 

This Pin goes into the Tube a, of the Tail R; then the Orifice 
of the Tube is applied to the Solid e, which is join'd to the Tail 
by the little Pin p, which paſſes thro' the Tube a, and the larger 
Pin in the Tube, and there ſticks. a 

All the Parts being thus join'd together, the Box, containing 


the Pulley, or Sheave, turns about the Pin g. 


The PuLLEY, fitted with a flat Tail. 


The Conſtruction of this Pulley is ſufficiently manifeſt from a 
bare Inſpection of the Figure. The Parts are ſhewn ſeparate in 
Fig. 4. 1 is the Tail, this is thruſt into a Groove, when the Pulley 
is to be fix'd in any Place. 

In the Figures 1, 2, 3, 4. of Plate IV. all the Dimenſions are 
reduc'd to the Half of the true Bigneſs, 


APrIIL AR, fitted for making many Experiments, and ſupporting 
Machines. 

The wooden Pillar C is ſet up upon a Table, and faſten'd by the 

Screw B, which is applied to the Tail A, paſſing thro' a round 


Hole, beneath the Table. 


This Pillar is perforated from à to b; having its fore and hind 
Parts made plane near the Sides of the Aperture, which is every 
where of the ſame Breadth, To 
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To this Pillar there is often join'd a ſmaller G, this is done for 16 
the moſt part by putting the wooden Ring E between, which the 
Screw D paſſes thro', which alſo goes into the Cavity d of the 
ſmaller Pillar, which is eaſily faſten'd to it, becauſe it has a Screw 
that anſwers to D. EEE OO YE. IN 


After the ſame Manner ſometimes the Head H is put upon the 164. 


Top of this ſmaller Pillar G, already join'd to C, which, is faſten'd 
by help of the Screw I, paſſing into the Head itſelf 
The Nut F fits the Screws D and I, .and the Uſe of it will be 
ſeen preſently. | 
The Dimenſions of this fifth Figure are reduc'd to a ſixth Part. 
Different Arms are applied to the ſaid Pillar, and exhibited in 
Fig. 6, 7, 8, 9. the Dimenſions being reduc'd only to an Half. 
I. The firſt of theſe Arms is repreſented at Q. To join it tothe 16 


Pillar, the Cylinder or Screw D (Fig. 5.) is put thro' the Hole /, Plate 2 


which fills the Hole, and about which the Arm may be turn'd Fig. 6. 
in ſuch manner, that it may be fix'd in any Situation, by apply- 
ing the Screw F, or ſmaller Pillar G. 


At the Extremity of the Arm, there is a round Hole e, thro' 166. 


which the Tail of the Hook V paſſes, which may be turn'd in 
the Hole, and is faſten'd by the Screw R, the thin Copper-plate / 


being put between, that the Wood mayn't be damag'd by the 
Compreſſion of the Screw. 


II. A ſecond Arm is delineated at M; it's Tail N is thruſt into 167. 


the Aperture # 6 of the Pillar (Fig. 5.) whoſe Breadth this exactly Plate IV. 
fits, being moveable in it, in ſuch Manner, that the Arm may bes 
faſten'd in any Part of the Aperture or Channel, by help of the 
Screw O, P. ; „ 

At the Extremity of the Arm, which is made flat, there are 
two Holes d and c, one round, the other ſquare. 

In the firſt may be faſten'd the Hook V of the firſt Arm, which 
T1 mention'd of the Hole e, (Fig. 6x.) * 166, 


The other Hole c is of uſe, when the Pulley T., (Fig. 1.) is to 169. 


be applied to the Arm + ; for the Hole fits the Tail of the Pulley. + 160. 


III. A third Arm A, is join'd to the Pillar in the ſame manner 170. 
as the following, when the ſmaller Pillar G is put upon it, (Fig. Plate IV. 


5 *.) whoſe Screw I paſſes thro' the Hole of the Arm, and is 12 


faſten'd as the firſt Arm is +, +165. 


The Arm A, of which I am ſpeaking, is broader at the fore 171. 


Part BC, This Part is arm'd with a Braſs Plate E C B D, bent - 
F 2 tne 


172. 


Pare 10. 


Fig. 9. 
© 190. 
+ 160. 


174. 


175. 


I 76. 


177. 


178. 


179. 
18 
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the Extremities of the Arm towards its Sides ; to ſuſtain the Pulleys 


O, O, which turn upon the Axes D, and hang between the Arm and 
Plate: 


This Plate is broader in the middle in ſuch manner, as to riſe a- 


bove the Wood, in which prominent Part there are three Holes, one 


in the middle g, equally diſtant from it, e, e. The Hook V may be 


ſuſtained to this Arm alſo ; but I ſhall ſpeak of its Situation when 1 
treat of its Uſe. | 


A fourth Arm A, is joined to the Pillar as the third is u. 
It has a Prominency E in its fore part, in which may be faſtened 


the Pulley T (Fig. 1. 3+; the Tail of this paſſes thro the ſquare Hole 
c, which the ſquare part of the Tail fits. 


The Plate DB is applied to the Arms, to this are faſtened the 


five Hooks V, V, V, V, V; of whoſe Diſtance, and Situation I ſhall 
ſpeak, when I explain their Uſe. 


Another braſs Plate FG HI is alſo joined to the Arm. Its part 
G H is diſtant from the Wood a little more than half an Inch. In 
this part of the Plate there are three narrow Holes ; two of whoſe 
Extremities appear at , ?; the middle one is covered by the Plate 
ML. 

Two Plates QR, LM, are applied to the Side of the Arm. The 
firſt is fixed, and there is a narrow Hole s, at its Extremity, which is 
ſo bent, as to make a right Angle with the Plate. 

The Plate LM is held by a broad-headed Nail, about which it 
turns; yet it may wable a little, becauſe of the Screw n, going 
through the Hole L, which nevertheleſs, by reaſon of the Bigneſs 
of that Hole, does not hinder all Motion. But the Plate is fixed by 
that Screw, when you put upon it the Nut N. 

In this Arm there are four Holes, of which you may ſee one at P; 
the other three are in the oppoſite Surface: Into theſe are thruſt 


Pins like X, and to them are fixed the Threads which go through 
the Holes 7, f, f, 5. 


CHAP. X. 
Of the Balance and Center of Gravity. 


EIGHTS are tried, that is, the Quantities of Matter in Bo- 


dies are compared &, by making uſe of the Balance, or Pair 
of Scales, a known Inſtrument. D E- 
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DEFINITION I. 
The: Line about which the Balance moves, or rather rolls, is called 180. 
the Axis of the Balance, 


DEFINITION 2. 


When we conſider the Length of the Brachia or of the Beam, 81. 
the Axis is conſider'd but as a Point, and called, the Center of the 
Balance. 


DEFINITION 3. 

Ve call Points of Suſpenſion, or Application, thoſe Points in which 182. 
the Weights either actually are, or 2 which they freely bang; or 
from which the Scales hang in which the Weights are put. Concerning 
this Inſtrument, we are to obſerve what follows : 

A Weight gravitates on a Point, at any Height that it hangs from 183. 
it, in the ſame manner as if you ſuppoſe it placed in that Point. 

.For the Weight of a Body at all Heights, equally drawsthe Rope 


that it hangs by *. 1149, 150. 


EXPERIMENT I. 

The Weight P, by help of the Rope BD, is applied to the Ba- 
lance AB, at different Heights; and thereby the Situation of the 
Balance is not-changed. | 

The Action of a Weight to move a Balance is ſo much the greater, as 184. 
the Point loaded by the Weight, is farther from the Center of the Ba- Plate VI. 
lance 3 and this Action follows the Proportion of the Diſtance of the Fig 1. 
aforeſaid Point = that Center. | 

When a Balance rolls, in that Motion of the Balance the Point Plate VI. 
B goes through the Arc Be, and the Point A the Arc A's, of which *'s: 2. 
the Cap is the greateſt ; therefore in that Motion of the Balance the 
Action of the ſame Weight is various, according to the Point to 
which it is applied, and follows the Praportion of the Space gone 


through by that Point *; and therefore at A, it is as A a; and at 151, 141. 


B, as Bb; but theſe Arcs are to one another as CA, CB, 


EXPERIMENT 2. 


Each Arm of the Balance AB, the Length of whoſe Beam is of 186, 


12 Foot, is divided into 100 equal Parts, counting the Diviſions from Plate V7 . 
the Center of the Balance. Fig. 3. 


The 


187. 


188. 


190. 


191. 
192. 


* 129, 190. 
16. El. 6. 


193. 


194. 
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The Action of one Ounce applied to the Goth Diviſion, is equal 
to the Action of three Ounces applied to the 2oth Diviſion. 

For the conveniently making . Experiment, with ſome others 
that follow, we have ſeveral Braſs Weights of one Ounce, as P, 
which may be applied to the Diviſions of the Beam, and have an 
Hook in their lower Part. There are alſo ſeveral Scales as L, which 
with their Strings and Hook to hang by, weigh alſo exactly an Ounce. 

That the Actions of Weights on a Balance, do differ, cæteris pari- 
bus, as the Weights themſelves differ, is plain. But theſe Actions 
can only differ in reſpect to the Weights, or of their Diſtances from 
the Center; whence we deduce, that the Action of a Weigbt for mov- 


ing 4 Balance follows a Ratio compounded of the Weight itſelf, and of - 


its Diſtance from the Center of the Balance. Multiplying the Weight 
by its Diſtance from the Center, the Produce expreſſes the Action. 


DEFINITION 4. 
A Balance is ſaid to be in Equilibrio, when the Actions of the 


Weights for moving the Balance, on each Brachium are ſo equal, as 


to deſtroy one another, as they did in the laſt Experiment. 


DEFINITION 5. 


When a Balance is in Equilibrio, the Weights on each fide are ſaid ts 
equtponderate, 


Unequal Weights may equiponderate ; there is ſuch an Equilibrium, 
when the Diſtances from the Center are reciprocally as the Weights. 


For in that Caſe ifeach of the Weights be multiplied by its Diſtance, 


the Products will be equal *. This Propoſition is confirm'd by the 
foregoing Experiment. EE 

The Roman Balance or Steel-Yard, by which Bodies are weigh'd 
by one Counterpoiſe, is built on this Principle. 


EXPERIMENT 3. 
The Steel-Yard A B has two very unequal Brachia; the Scale is 
applied to the ſhorteſt ; the other is divided into equal Parts, be- 


ginning the Diviſion at the Center of Motion; the greater Diviſions 


are numbered, and each of them are again divided into 8 leſs Parts 


alſo equal to each other. Let ſuch a Weight be applied to it, that 


when it hangs at the firſt of the large Diviſions, it may keep in Equi- 

librio half a Pound in the Scale : Then the Body to be weighed * 

to be put into the Scale, and the Weight above- mentioned is to 5 
; mov 
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mov'd along its Arm till you have an Equilibrium; the larger Divi- 
ſions intercepted between the Weight and the Center of the Balance 
will ſnew the Number of the Half-Pounds the Body weighs, and the 
mall Diviſions the Ounces, You may alſo apply a leſs Weight to 
diſcover the ſmaller Differences between the Weight of Bodies. 


Upon this Principle alſo is made the falſe Balance, whoſe Brachia 195: 


are unequal, 


EXPERIMENT 4. 


To the forementioned Balance * muſt be 8 two Scales of 196. 


unequal Weight, the one at the 190th and * 186. 


Diviſion, to have an Equilibrium. If then any two Weights be Fig. ;. 
- given which are to one another as 24 to 25, for Example the firſt of 
12 Ounces, and the ſecond of 12 Ounces and a half, and that be put 
into the firſt, and this into the ſecond Scale, they will equiponderate. 


Many Weights applied to different Diviſions on the ſame Brachium, x gy, 


may equiponderate with one ſingle Weight, It is required that the 
Product of that Weight by its Diſtance from the Center, may be 
equal to the Sum of all the Products of the other Weights, each 
having been fingly multiplied by its Diſtance from the Center. 


EXPERIMENT 5. 


On one of the Brachia of a Balance hang the following Weights, 198. 


two Ounces at the 2oth Diviſion, one at the 3oth, and at laſt three 
Ounces at the 6oth Diviſion, and you will have an Equilibrium by 
hanging five Ounces on the other Arm at the goth Diviſion. 
Multiplying 5o by 5, you have 250. On the other Brachium we 
have three Products 20 x 2, that is 40; 30 x 1, that is 30; and 6o x 3, that 
18180. Now collecting 40, 0 180, into one Sum, you have alſo 2 50. 


Many Weights, unequal in Number, applied on either fide, may 199. 


equiponderate. In that caſe, if each be multiplied by its Diſtance 
from the Center, the Sum of the Products on either ſide will be equal; 
and if thoſe Sums are equal, there will be an Equilibrium. 


EXPERIMENT 6. 


A Sight of the Figure will make this plain. Multiplying the ſin- 200. 


gle Weights by their Diſtances from the Center, we have on one plate V. 
vide the Products 15, 40, 110, 80, 90, 500; and on the other 70, Fig. 2- 
705, 300, 360; whoſe Sum taken on each Side is 83 5, A 


e other at the g6th ph VI. 


40 


201. 


202. 


203. 
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Fig. 1. 
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207. 


Plate V. 
Fig. 3. 


208. 
Plate V. 


Fig. 4. 


Mathematical Elements Book l. 


A perfect Balance muſt have theſe Requiſites. 1. The Points of 
Suſpenſion for the Scales, or Weights, muſt be exactly in the ſame 


Line with the Center of the Balance, 2. They muſt be exactly 
equidiſtant from that Center. 3. The Brachia muſt be as long as they 
can conveniently be made. 4. There muſt be as little Friction as 


poſlible in the Motion of the Beam and Brachia. 5. The Parts of the 
Axis which are ſeparated by the Beam muſt be exactly in the fame 
right Line. 6, Laſtly, the Center of Gravity of the Beam muſt be a 


little below the Center of Motion, 


DEFINITION 6. 
That Point in a Body, about which all its Parts, in any Poſition of 
the Body, are in Equilibrio, is called the Center of Gravity. 
Every fingle Body, or ſeveral Bodies joined, whether they be 
contiguous or ſeparate, have one common Center of Gravity, as we 


ſhall demonſtrate in the firſt following Scholium. 


When the Center of Gravity is ſuſtained, a Body may be at Res; 
becauſe there is an Equilibrium between the two oppoſite Parts. 


. Ex ERIMENT 7. | 
The Body A is ſuſtained and at reſt, becauſe its Center of Gra- 
vity cis ſuſtained by the Prop F. | | 
When the Center of Gravity is not ſuſtained, the Body will move till 


that Center be ſuſtained: Becauſe the oppoſite Parts cannot be in 
Equilibrio about any other Point, | 


EXPERIMENT 8. 


The Body A ſet upon a Table will fall, and the Body B cannot 
remain 1n the Situation in which it is repreſented, becauſe their Cen- 
ters of Gravity are not ſuſtained. | 


This is the Reaſon, why ſome Bodies, laid upon inclined Planes, 
roll, and others only ſlide. 1 


EXPERIMENT 9e. | 
The Body A ſlides, becauſe its Center of Gravity is ſuſtained by 
an-inclin'd Plane; that is, the vertical Line which goes through that 
Center, cuts the inclined Plane in the Baſe of the Body. But the Bo- 


dy B rolls, becauſe the vertical Line which paſſes through the Cen- 


ter of Gravity, cuts the inclin'd Plane without the Body. OY 
e Fro 
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long as its Center of Gravity deſcends, that is, moves towards the 

Center of Gravity of the Earth. 8 

Sometimes in that caſe, a Body ſeems to riſe; and indeed, conſi- 
dering its whole Bulk, it does riſe; when the. Center of the Figure of 


the Body does not coincide with the Center of Gravity. 


EXPERIMENT 10. 3s 
Let the two vertical Planes IHLM, and FDE be fo placed as to 210. 


but the Points D, H, are raiſed up higher than the Points E, L. Sd 
Between theſe Planes is plac'd the Wheel A, whoſe Axis B is made 

up of two Coiies, whoſe Baſes are applied to the Wheel. The 
Wheel is ſuſtained by the Sides DE, HL, of the Planes, and goes of 

itſelf towards DH, the higheſt Place. | | 


EXPERIMENT II. 


The wooden Cylinder A has within it a leaden Cylinder near its 211. 
Side, fix'd in a wooden Box & d. The Center of Gravity is in a Sec- Plate V. 
tion parallel to the Baſe, dividing the Cylinder into two equal Parts, big. 5. 
and in a Place anſwering to the Point of the Baſe c. 

This Cylinder plac'd any how, will move, till the above-mention'd 
Center of Gravity be in the loweſt Place that it can come to. 

If it be laid upon an inclin'd Plane, in the Situation in which it is 
drawn here; the Center of Gravity will deſcend, while the Body 
itſelf aſcends up the Plane, in a proper Inclination of the Plane. 

The Body aſcends while it rolls towards the ſuperior Part of the 
Plane; but while it rolls thus, care muſt be taken that it does not 
ide along the Plane. Now it is retain'd by a Rope which goes 
round part of the Cylinder, whoſe End is joined to the Cylinder at 
F, the other End E remaining fix'd to the Plane. 

Beſides, we deduce from what has been ſaid concerning the Cen- 
ter of Gravity ; that a Point in any Body, or Machine, which ſuſtains 
the Center of Gravity of a Body, ſuſtains all its Weight ; and that the 
whole Force, by which the Body tends towards the Earth, is as it were 
collected into that Center. | 


212. 


EXPERIMENT 12. 


If the Ruler AB, be ſuſpended at the Brachiumofa Balance, and makes W * ; 


an Equilibrium with the Weight P, it will equiponderate in any Situa- pig. 6. 
Vor, I. G tion; 


From what has been ſaid, it alſo follows that a Body deſcends, as 209, 


contain an Angle; ſo the Diſtance EL is leſs: than the Diſtance DH, Plate VII. 


* 
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tion ; becauſe the Center of Gravity C is ſuſtained after the fame 
manner, and always anfwers to the fame Point of Suſpenſion. 


42 


* 
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e the Center of Gravity. 


2 7 


— 


12S) 


E 
h Kale "Mar the Center of Gravity is a Point in a Body, about 
which all its Parts, in any Situation of the Body, are in Equilibrio “. 
We have wis many. Writers who have treated of Mechanics ſuppoſed there 
was ſuch a Point in every Body; but now we will prove it. 
214. A and B be two heavy Points, of a Gravity any how unequal ; let 
us coneeive them joined by an inflexible right Line without Weight: Let 
the de given in that Line a Point C, ſuch as C A may be to CB, as the 
Weicht the Point B to the Weight of the Point A. Theſe Weights 
will be in Equifibrio about C, and that in any Situation, as may be deduced 
* 185. from what has been before demonſtrated ®. Therefore if the Point C be 
ſuſtained, the Points A and B will alſo be ſuſtained, and their Action will be 
as it ** | 


* 


gollectec into the Point C. 
Let there given another heavy Point D, of any Weight; let D and C 
be joined by Another ſtreight inflexible Line without Weight; in that Line 
let the Point E he ſo fix d, that E C may be to ED, as the Weight of the 
Point D, toi Sum of the Weights of the Points A and B. 
If A and H Were joined at C, there would be an Equilibrium about E, 
* 185. ſuppoſe the Line C D in any Situation . But A and B, as we have demon- 
ſtrated it in any Situation of the Line A B, act as if they were joined at C; 
therefore the three Points A, B, D, being joined by inflexible Lines, in any 
Situation, are in Equilibrio about the Point E; which therefore is the Cen- 
ter of Gravity of the three Points. It is alſo plain from the ſame Demon- 
ſtration, that theſe Points have no other Center of Gravity, than the Point E. 
If there was a fourth heavy Point, it muſt be joined by a right inflexi- 
ble Line with E, and then it will appear by a like Demonſtration, that 
the four Points have a common Center of Gravity, and but one. 
215. But as this Demonſtration may be referr'd to any Number of Points, it 
may be applied to all the heavy Points that make up every Body : Theretore 
every Body has a Center of Gravity, and but one ſuch Center. 


Of the Inveſtigation of the Center of Gravity. 

216, Let any Number of Bodies be given, whoſe common Center of Gravity 
Plate VI. is C; let us conceive an horizontal Plane to go thro? this, which fhall be 
Fig. 8. the Plane of the Figure. Let the Centers of Gravity of the Bodies themſclves 
be A,B, D, E, F; if thoſe Centers don't happen to be in the above- 

mentioned horizontal Plane, they muft be referr*d to it by vertical Lincs, 

and the Bodies will gravitate on that Plane in the ſame manner as if ther 


» 183, Centers of Gravity were in the Points where the vertical Lines cut the * of 
ct 
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Let the Plane be ſuſtained by the Line G H; you will have the Aﬀions 


of the Weights for moving the Plane about the Line G H *, by multiplying * 189. 


zach Weight by its Diſtance from the Line GH *, and the Sum of the Pro- 
ducts gives the whole Action, whereby all the Weights together preſs the 
Plane, in order to move 1t about G H. 

But all the Weights act, as if they were at C; therefore you have alſo 
their Action, by multiplying the Sum of theWeights by the Diſtance of the 
Point C from the Line G H: Therefore if the above-mentioned Sum of the 
Predutts, which, as appears, is equal to this laſt Product, be divided by the 
Sum of the Weights, the Quotient will give you the Diſtance of the Center of 
Gravity from the Line G H. 

In regard to the Weights, which are referr*d to the horizontal Plane by 
vertical Lines, the Diſtances of the Points, to which the Weights are referr'd, 
from the Line GH, are equal to the Diſtances of the Centers of Gravity of 
thoſe Bodies from a vertical Plane paſſing thro' G H. 

But ſince this Demonſtration holds good in any Situation of the Bodies ; 
if the Bodies hold together by inflexible Lines without Gravity, one can con- 
ceive no Plane which may not, keeping its Situation in reſpect to the Bo- 
dies, become vertical; whence it follows, that any Bodies and Plane being gi- 
ven, the Diſtance of the Center of Gravity from the Plane is found, by multi- 
plying the Weight of each Body by the Diſtance of its Center of Gravity from 
the Plane, and dividing the Sum of the Products by the Sum of the Weights of 
ail the Bodies. 

If we apply the like Demonſtration to a Plane, which paſſes between the 
Bodies, the Difference between the Sums of the Product on either ſide, muſt 
be divided by the Sum of the Weights, to find out the ſaid Diſtance of the 
Center of Gravity from the Plane. 

From thence we deduce a Method, for finding out the Center of Gravity; 
ſeeking its Diſtance from three Planes; which Method may alſo be applied to 
any particular Body, by referring to its Parts, what has been demonſtrated of 
different Bodies. 

If Bodies, whoſe common Center of Gravity is required, have their Cen- 
ters of Gravity in the ſame Plane, that Center ſought is determined by diſ- 
covering its Diſtance from the two Lines * drawn any how in that ſame 

ane. | 
M ben the particular Centers of Gravity are in the ſame Line, the common 
Center of Gravity is found by only one Operation, whereby its Diſtance from any 
Point taken in that Line, is determin'd; namely, multiplying each Weight 
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by its Diſtance from the Point aſſum'd, and dividing the Sum of the Pro- 


ducts by the Sum of the Weights, the Quotient will give the Diſtance of the 
required Center from the Point aſſum'd, if all the Weights are on the ſame 
Side. But if the Point aſſum'd be between the Weights, the Products on 
one Side muſt be ſubſtracted from the Products on the other Side of the aſ- 
ſum'd Point; and this Difference, divided by the Sum of the Weights, will 
give what we ſeek. | 
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SCHOLIUM I 


—— — — py 


Mecbanical Arithmetick, 


H E four Rules of Arithmetick, Addition, Subſtraction, Multiplica. 

tion and Diviſion, may be eaſily'work'd by means of the Balance 
above-mention*'d ®, whoſe Brachia are divided into equal Parts; and the De- 
monſtration of the Operation is very eaſily deduc'd from what has been be- 
fore ſaid: therefore it will be ſufficient to illuſtrate the Rules themſelyes by 
Examples. 


Let any weight epreſent one, (or Unity); for Example an Ounce : one 


may in the ſame manner make uſe of the 1oth Part of an Ounce. 

Let the Number 364 be to be applied to the Balance. I apply 3 Ounces 
to the 100th Diviſion, and 1 Ounce to the 64th. 

Let the Brachium of the Balance be loaded any how; we determine 
what Number is the Value of that Action, by ſuſpending at the 1ooth 
Diviſion of the oppoſite Brachum a Weight that may be increaſed ſuffi- 
ciently by an Ounce at a time, till it prevails : Suppoſe that 9 Ounces do 
not yet make an Equilibrium, but that 10 exceed it; leaving the 9 on, by 
moving one along the Brachium, I ſeek for the Equilibrium, which I find 
where the Ounce comes to 47 ; ſo that the Action requir'd will be 947 in 
Value, 

ADpirion. Let there be to add 34, 54, 268, 407, 45, 65. I apply 
thoſe Numbers ſeparately to the ſame Arm of the Balance “, I ſeek the Va- 
lue of this Action ; and I find 873 the Sum requir'd. 

SUBSTRACTION, Out of the Sum of the Numbers 567, 258, we are 
to ſubſtract 489 and 56. I apply the firſt Numbers to one Brachium * ; and 
to the other apply thoſe that are to be ſubſtracted , and I ſeek the Value of 
the Action whereby I can make an Equilibrium “: And I find the Diffe- 
rence required 280, 2 

MuLT1iPLICATION, Let the Number 67 be given to be multiplied 
by 15. I hang the Number 13 at the 67th Diviſion, and ſeek the Value “, 
whereby I find the requir*d Product “to be 1005. 

D1vis1on. The Number 1005 is to be divided by 15. I apply the 
Number to be divided to the Balance , and moving the Weight 15 along 
the Beam I ſeek for the Equilibrium, which is had when the Weight 1s 
come to the 67th Diviſion, which denotes the Quotient. 

TAE RULEZ or THREE, is perform'd by Multiplication and Diviſion ; 


but by this Machine one Operation is ſufficient, 77 : 132: : 63, being gi. 


ven, a fourth Number proportional is required. I apply 13 Ounces and 


2 decimal Parts to the 63dDiviſion, (that is, I apply a Weight equal od Þ to 
the 63d Diviſion.) Then to the 77th Diviſion of the other Brachium, I ap. 
ply a Weight which I change till I have the Equilibrium; by thus trying, I 


find that a Weight of 10 Ounces and 8 decimal Parts is requir'd, which 


fhews the Number ſought to be 1908; 
| 3 CHAP. 
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CHAP. XI. 
Of the Lever, the firſt of the ſimple Machines. 


DEFINITION 1. 


HE Lever is calld by Matbematicians an inflexible, right 232. 
Line, of no Weight, or at leaſt of equable Weight, as AB, of uſe Plate VII. 
to ſuſtain, or raiſe Werghts. Fig. 2, 3, 4+ 
When Weights are to be rais'd, this Line is applied to a Ful- 
crum or propping Point, that it may move about this Point. 
It is the firſt, and moſt ſimple of thoſe, that are call'd ſimple 
Machines; and is of uſe, to raiſe Weights to. a ſmall Height. 
There are four more ſimple Machines, which are treated of in 
the three following Chapters. 
Three Things are to be conſider'd concerning the Lever; 1, 233. 
The Weight to be ſuſtain'd, or rais'd, P. 2. The Power, which Plate VII. 


| ſuſtains, or raiſes it, which is here ſhewn by the Weight Q, and Fig. 2, 3, 4. 


is commonly the Action of a Man, 3. The Fulcrum F, by which 
the Lever is ſuſtain'd, and upon which it moves,. or rather turns 


round, whilſt the Fulcrum remains unmov'd itſelf. "it 
There are three kinds of Levers. E 
1. The Lever is of the firſt Kind, when the Fulcrum is be- Plate VI. 
tween the Weight and the Power. Fig. 2. 
2. It is ſaid to be of the ſecond Kind, when the Weight is plate VII 
applied to the Lever between the Fulcrum and the Power. Fig. z. 
In the Lever of the third kind the Power acts between the pute VII. 
Weight and the Fulcrum. Fig. 4. 


In all Caſes the ſame Rules take place, which follow from what 
has been ſaid of the Balance *, and which ſhews the Analogy be- 1835. 
tween the Balance and Lever. The Lever of the firſt kind is like 
the Roman Steel- yard fitted to raiſe Weights. 
The Action of the Power, and Ręſiſtance of the Wetght, increaſs 2 35 
% the Ratio of the Diftance from the Fulcrum *; and therefore, . 88. ; 
that the Power may be able to ſuſtain the Weight, it ts requifite, 
that the Diftance of the Point in the Lever, to which it is applied, 
be to the Diſtance of the Weight, as the Weight is to the Intenſity of 
the Power *, which if it is a little increas d, or remov'd further * 192. 
em the Fulcrum, raiſes the Weight, 


Ex- 


j 
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236. 
Plate VII. 
Fig. 2, 3, 4. 
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ExPERIMENT 1, 2, and z. 

This Rule is confirm'd by Experiments in the three foremen- 
tion'd Levers, as appears in Fg. 2, 3, and 4. Plate VII. for there 
is an Æquilibrium, when the Weight P, and the Weight Q which 
repreſents the Power, as alſo the Diſtances. from the Fulcrum F 
—_— ſuch a Proportion, as is given between the Numbers in the 

igures. | 

We make uſe of a Ruler or ſtrait Piece of hard Wood, which 
that it may be in Z&quilibrio, there is applied the Weight D to it 
which muſt be ſo much the greater, as the Fulcrum is nearer the 
End of the Ruler ; wherefore there is a prominent Screw at A 
by help of which the Braſs Cylinder D is join'd to the Lever, and 


may be varied upon occaſion. 


But that the Breadth of the wooden Ruler may be of no preju- 
dice to the Experiment, there are Holes in the Middle of its 
Breadth, ſo that the Powers and Weights may be applied to a 
Line drawn thro' the middle of it. There are alſo two Slits 2 


and 6, into which the Fulcrum enters in ſuch manner, as that the 


® 162. 
238. 
Plate VIII. 
Fig. 1. 
® 235» 


® 146. 


239. 
Plate VIII. 
Fig. 2. 


ſaid Line is immediately ſuſtain'd. 
The reſt needs no further Explanation; C is the Pillar oſten 


made uſe of *. 


What I have ſaid of comparing the Power with the Weight to 
be rais d, may be applied to the bended Lever alſo. Let there 
be ſuch a Lever A CB made of two Rulers AC, CB, making an 
Angle at C. The Point C is applied to the Fulcrum, and about 
this the Lever turns: it is manifeſt that in the Motion of the 
Lever, from the Situation A CB into the Situation a C 5, the An- 


gles AC a, BC b, are equal, and that the Spaces paſs'd thro' 


A aà and Bb from the Points A and B, are to one another as the 
Diſtances, AC, BC. Upon this Account, that the Power at B 
perpendicularly applied to B C, may ſuſtain the Weight at A, it 15 
requiſite, that the Ratio between this and the Intenſity of the 
Power may be the ſame, but inverſe, as that which is given be- 
tween AC and B Cx. 


EXPERIMENT 4. 
The bended Lever A B, being put upon a Fulcrum, is at reli 
in ſuch a Situation, as to have the Line c à4 horizontal; which 1s 
done by the Weight D, join'd to the End A of the Lever. The 


Weight P of three Pounds, which hangs at a, is ſuſtain'd 5 la 
7m S | 5 
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power Q. which weighs one Pound; becauſe à c, is to el, as x 
is to 3. pits ' 

The Thread to which Q is tied, makes a right Angle with the 
side cb of the Lever; which how it is done the Figure ſhews. 
The Pulley T has a Tail *, which is faſten'd, by being thruſt * 16:. 
into a Cavity, in the Side of the Table. 

Workmen make uſe of the Lever alſo in carrying Weights; 240. 
and there are various Caſes of this Uſe of the Lever, worthy Notice, 
and whoſe Demonſtration is eaſily deduc'd from what has been 
faid, 

In all Caſes we may obſerve in general, that the Intenſity of the 241. 
Pouer, or joint Intenfities of the Powers, when many are given, 
ſhould be equal to the Gravity of the Werghts to be carry'd, or ſuſ- 
tain'd : for in all Caſes the Powers and Obſtacles paſs thro' equal 
Spaces. 

If a Weight is to be ſuſtain'd, or carry'd by two Powers, it muſt 242. 
be ty 9 the * and the Diflances of the Powers 2 * 
the Weight on both Sides, muſt be in an inverſe Ratio of the Intenſities 
of the Powers. 

For the Actions of the Powers will mutually diſturb each other, 
unleſs there be an Ægquilibrium between them about the Point of 
Suſpenſion of the Weight; which Aquilibrium being given, in 
this Point the Actions of the Powers are united, and act contrary to 
the Weight; and therefore ſuſtain it, by reaſon of the Equality 

between the Powers and the Weight. 


47 


A Macnine, whereby the Experiments which are made on the 
Lever, by which Weights are mov'd, are demonſtrated. 


The wooden Ruler D E, almoſt one Inch thick, and two Inches 242. 
broad, has a Slit in its fore-part from m to u, and is alſo divided Plate VIII. 
into equal Parts. rig. 3. 

The ſolid Piece F is join'd to the middle of this Ruler, by 
help of which it may be applied to the Pillar C, and fix'd at dif- 
ng Ny ate as I faid above of the Arm M, (Plate IV. 

. 5 

The Pulleys with Tails may be fo faſten'd in the Slit +, that they 4 4 | 
may anſwer to any one of the Diviſions. 

Another wooden Ruler AB is made uſe of; this repreſents the 
Lever, and is ſmaller ; the Weight of this ought to be fix'd, mine 
weighs an Ounce and an half. 


This 
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- This is alſo divided, and its Diviſions anſwer to the Diviſions 
of the Ruler DE. The Ruler A B is perforated in the two Points 
i, 1, which are not far, but equally diſtant from its Ends, and 
anſwering to two Diviſions, *taken at pleaſure; two Threads, or 
ſmall Cords, are tied to the Ruler by theſe Holes, and put round 
the Pulleys T, T, which in the upper Ruler anſwer to the Points 
z, i, that the Ruler A B may be ſuſtain'd by the Weights of the 
Scales L, L, each of theſe Scales in my Machine weighs 4 of 
an Ounce ; and the Lever is conſider'd as having no Weight; 
and the Weight of theſe Scales is not conſider'd in the Experi- 
ments. Every one of the other Scales made uſe of in the Experi- 


ments weighs one Ounce, which Weight is not to be neglected in 
the Computations. ; 


fit 
2 
V 
W 
th 


Ex PERIMENT 5. 


244. A Weight of eight Ounces is put into one of the Scales L, L, 
and into the other one of four Ounces. Theſe Weights, which 
repreſent the Powers, drawing the Lever upward in the Point : and 
z, are to one another as one to two; and together make twelve 

241. Ounces; and can therefore ſuſtain a Weight of twelve Ounces *. 
This they will do if we put eleven Ounces into the Scale weighing 
one, and apply it to the Lever at O, that there may be an Aqui- 
librium between the Actions of the Powers, leſt the Lever ſhould 
turn about. In this Figure the Diſtance between the Points 2, 7, 
is divided into 30 Parts, and the Point O divides this Diſtance into 
two Parts, which are to each other as two to one, 7. e. inverſely as 
the Powers. | 1 WE, 

EXPERIMENT 6. | 


245. When two Weights are to be ſuſtain'd by one Power, the Power 
muſt be plac'd between the Weights, and then what has been ſaid 9 
* 2422. The two Powers *, muſt be applied to the Weights, For the Weights 
can't be ſuſtain'd, unleſs their common Center of Gravity is ſuſ- 
+206. tain'd +. | | 

Oftentimes many Weights are ſuſtain'd or carry'd by one, ot 
more Powers. Concerning, which we muſt take notice, that all 
246, the Weights have a common Center of Gravity, which Center 15 
ſuch, that, if every Weight on either fide be multiplied by 1ts 
Diſtance from that Point, the Sum of the Products on both ſides 

* 199, 200. will be the ſame *. | | 
The Powers alſo howſvever diſpos'd have a common Center of Ac- 


i. Tion; for they may be repreſented by Weights *, and here 1 
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enfity of every Power ſhould be multiplied by its Diſtance from 
the Center, and the Sums of the Products on both ſides will then 
be equal. | 

T 25 the Powers may be able to ſuſtain the Weights, it is requi- 
fite that the Center of Action of the Powers may agree with the 
Center of Gravity of the Weights, Then the Actions of all the 
Weights, and Powers are reduc'd to one and the ſame Point, 
which is drawn upwards and downwards by equal Forces, and is 
therefore ſuſtain'd. | 


EXPERIMENT | 

From what has been faid it is eaſy to explain the Figure, in 245, 
which O denotes the Center of Gravity of the Weights, and the Plate VIII. 
Center of the Actions of the Powers. * 

What has been before ſaid alſo takes place, if the Lever is drawn 248. 
both ways by the Powers; for theſe are ſo to be diſpos'd, that the 
Center of the Actions, of thoſe acting on one ſide, may coincide 
with the like Center of the oppoſite Actions: and we ſhall have a 
Lever, which will be at reſt, if the Sum of the Intenſities of the 
Powers, on one ſide, is equal to the Sum of the Intenſities of the 
oppoſite Powers. 

This Propoſition is eaſily confirm'd by an Experiment, by making 249. 
uſe of a ſmall wooden flat Board, of about one Foot long, and two | 
Inches and an half broad. This is ſuſtain'd in an horizontal Si- 
tuation by a Stand, and has a Groove long-wiſe on either fide, 
that the Pulleys with Tails * may be applied to it; about which * 161. 
horizontal Ropes are put, which draw the horizontal wooden Ru- 
ler at oppoſite Parts. By this means the Experiment may be va- 
tied at pleaſure, I have often made uſe of ſuch a Machine; but, 
tho” it is very ſimple, I have neglected it; becauſe another may be 
made uſe of in this Caſe, which is of ſervice in making Experi- 
ments on oblique Forces, which will be mention'd afterwards, 
wherefore there is no need of a peculiar Machine in this Caſe, 


A MAcuine, whereby Experiments are made on oblique Forces, 
and the Lever which is drawn horizontally. 
A ſmall wooden Table G, which is ſquare, or a little oblong, 2 50. 
i ſuſtain'd by Feet. Upon this is put the wooden Rectangle Plate IX. 
MN PQ, which is repreſented by itſelf at MNP, (Fig. 2.) Its His. 1. 
bigneſs is ſuch, that it will exactly include the Table; wherefore, 
that it may be put upon it, the Supports E, E, E, E, are to be ad- 
ded, which are mark'd in Fig. 1. by the Letters e, e, e, e. By which 
. H | the 


251. 


160, 


252, 


we 
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the Rectangle, whilſt it is applied to the Table G, is alſo rals'd 


above it about an Inch. | 
In the Experiments of which I am now ſpeaking, it muſt be 
rais'd higher yet, which is done by the four ſmaller Supports 7, f, f. 


One is repreſented ſeparately at F, (Fig. 2.) the ſmall Cylinder 


or Peg h is join'd to this, which goes into a Hole, in the Corner 
of the Table G. 

In the ſhorter Sides of the Rectangle there are Slits I z, I 7, go- 
ing thro' the Wood; the other two Sides have two ſquare Holes 
c, c, and the ſmaller Slits 4 D, 4D, Cc. In all theſe the Pulleys 
may be faſten'd, whoſe Boxes turn round“. The Slits Dd, D 7, 
are ſo determin'd with the Hole c in each Side, that, when the 
Pulleys are faſten'd at c, and at the Extremities of the Slits d, D, d, 
D, &c. the Diſtances between the Pulleys are equal, 


EXPERIMENT. 


A wooden Ruler is made uſe of, divided into equal Parts in ſuch 
manner, that the Diviſions anſwer to the Pulleys faſten'd, as has 
been mention'd “. 

This Ruler is drawn horizontally by two Powers on one Side, 
and three at the oppoſite Side : the Sum of the two is equal to 
twenty Ounces, and the Sum of the three oppoſite ones is equal to 
this, The Point in which the Centers of the oppoſite Actions 
meet is O, about which there is an Æquilibrium on either Side, 
as is eaſily deduc'd from the Numbers mark'd in the Figure. 

The Ruler AB, now hanging in the Air, is eafily driven to one, 
or the other Side, 7. e. towards NP, or MQ. 


C HAP. XII. 


Concerning the Axis in Peritrochio, the ſecond of the 
ſimple Machines. 


HE Lever is of uſe when Weights are to be rais'd to a 

ſmall Height, as was ſaid in the Beginning of the fore- 
going Chapter ; when the Height is greater, the Axis in Peritro- 
chio is made uſe of, 


D- 
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DEFINITION. 


The Axis in Peritrochio is a Wheel turning round with its Axis, 

The Power in this Machine is applied to the Circumference of 
the Wheel, by whoſe Motion, the Rope, to which the Weight is 
faſten'd, is wound round the Axis, by which the Weight is rais'd. 

Let BD be the Wheel; AE its Axis; P the Weight to be 254. 
rais'd; Q the Power: the Wheel is mov'd by its Action, the Points Plate VIII. 
B and A deſcribe ſimilar Arcs by that Motion; theſe Arcs are the Fs. 5. 
Ways gone thro' by the Power and the Weight, and are to one 
another, as BC to A C, that is, as the Diameter of the Wheel to 
the Diameter of the Axis, from whence the following Rule is 
deduc'd, 

The Power has the greater Force, the larger the Wheel is, 
and its AtFion increaſes in the ſame Proportion as the Whee'?s 
Diameter. The Weight reſiſts ſo much the leſs, as the Dia- 
meter of the Axis is leſs, and its Reſiſtance is diminiſh'd in the 
ſame Ratio as the Diameter of the Axis. And to have an Equih- 
brium between the Power and Weight, it is requir'd, that the Dia- 
meter of the Wheel be to the Diameter of the Axis in an inverſe 
Ratio of the Power to the Weight x. 


Take notice, that the Diameter of the Rope is to be added to 
the Diameter of the Axis. 


253. 


255. 


145. 


EXPERIMENT. 
This Rule is confirm'd ſeveral Ways by help of the Machine 2 56. 


here drawn, in which there are three Braſs Wheels a, 6, c, which Plate VIII. 
may be mov'd by a Weight tied to a Thread repreſenting the Fig 6. 
Power. Theſe Wheels cohere, and to them is join'd the wooden 

2 A, to ſhew how the Power may be applied to the Handles 


The Axis at B is twice as thick as at D, that by that means Ex- 
periments may be varied. . 


The Ends of the Axis are ſmall, and of Steel, to have the 
leſs Friction. | 


The Wheel is ſuſtain'd by the wooden Pillars E E, and thoſe 
ſupported by a Stand. 


When the Diameter of the Axis is the 16th Part of the Dia- 


qu of the Wheel, one Ounce ſuſtains 16 Ounces P, and 
0.08. 


H 2 When 
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Fig. 3. 
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When the Power is applied to the Handle as at 4, the Diſtance 
of the Point where it is applied from the Center, muſt be conſfider'd 


as the Wheel's Semidiameter. X 


CHAP. XIII. 


Of the Pulley, the third of the ſimple Machines. 


P ON many Occaſions the Axis in Peritrochio cannot ſerve 

for raiſing Weights ; in thoſe Caſes we muſt make uſe of 

Pulleys, and-the Machine which is made with them is very com- 
pendious, and portable from Place to Place. 
What a Pulley is, has been already faid “. 

If a Weight be ſo join'd to a Pulley that it is not hindred from 
turning about, and it be raiſed with the Weight, each End of the 
running Rope ſuſtains half the Weight. Therefore when one End 
is tied to an Hook, or any otber way fix d, a moving Force equal to half 
the Weight applied to the other End, will ſuſtain the Weight, 


EXPERIMEN T I. 


P, a two Pound Weight, is fo joined to the Pulley O, that the 
Rotation of its Wheel is not hinder'd thereby; F the End of the 
Rope is faſten'd to the Hook V, and the Rope is alſo carried round 
the fix'd Pulley T, to change the Direction * ; then the Weight Q 
of one Pound, applied to this End, ſuſtains the Weight P. 

The Hook D, by its Weight ſuſtains the moveable Sheave O, leſt 
it ſhould diſturb the Experiment by its Weight. 

Many Sheaves may be join'd together, and a Weight hang on 
them ; then if one End of the Rope be fix'd, and it be carried round 
all thoſe Sheaves and as many fix'd ones, a great Weight may be 
raiſed by a ſmall Power ; in that caſe, the greater the Number of 
Sheaves join'd to the Weight (for the Action of the Power is not 
altered by the fix'd Sheaves *) the leſs may the Power be to ſuſtain 


the 3 and a Power, which is to the Weight, as one to twice 


the Number of Sheaves moveable with the Weight, will ſuſtain that 
Meigbt. For this is the Number of Ropes, whereby the Weight is 
ſuſtained, and the Power is applied but by one Rope, as appears 
by the following Experiments, 8 
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The Pulley in that Caſe, conſiſts of two Parts; the firſt is ſuſpended 
and contains fix'd Sheaves ; the ſecond is moveable with the Weight. 
Theſe conſidered together are call'd a Pulley. The Parts are alſo 
call'd by the ſame Name, whence one is an upper and the other a 
lower Pulley. But they are rather call'd a Tackle. 


Chap. I 3- 


EXPERIMEN WT 2. 


P, a Weight of 6 Pounds is join'd to the Ruler DE, in which 4 
three Sheaves O, O, O, roll freely. / the End of the Rope is tied to the 1 IX. 
Hook V, and the Rope goes round thoſe three Sheaves, and as many * 
more fix d ones; at the other End 
ſuſpended, and you have an Equilibrium. 
The laſt of the fix d Pulleys 


Q the Weight of one Pound is 


T might have been left out ; but 
then in that caſe the Power muſt have drawn upwards the Part 7 H of 
the Rope, by an Action equal to the ſixth Part of the Weight F, 
becauſe that Weight is ſuſtain'd by ſix Ropes equally ſtretch'd. 

In this, as well as in the foregoing Experiment, and thoſe that 
follow in this Chapter, the Weight hangs upon a Hook as D, by 
which all the moveable Sheaves are ſuſtained. 


EXPERIMEN T 


No matter how the Sheaves are join'd ; the foregoing Diſpoſition 

is not conveniently applied for raiſing Weights ; therefore Work- pla: 
men make uſe of unequal Sheaves diſpoſed as in Fig. 5. for the Big- Lig. ;. 
neſs of the Sheaves does not alter the Demonſtration. 

In that caſe all the Ropes are not vertical, unleſs the Diameter of 
the Sheaves are in an arithmetical Progreſſion of the natural Num- 
bers 1, 2, 3, 4, Sc. The odd Numbers 1, 3, 5, expreſs the Diame- 
ters of the Sheaves moveable with the Weights; and the even 
Numbers 2, 4, 6, the Diameters of the fix'd Sheaves. 

But becauſe by this Method, we ſhould often be brought to uſe too 
big Sheaves, in the Practice the Paralleliſm of the Ropes is neglected; 3 7 
becauſe the Error ariſing from a ſmall Obliquity of the Ropes, may Fig. 8. 
be neglected; but yet we mult obferve in that caſe, that there is 
occaſion to uſe unequal Sheaves, that the Ropes may be ſeparated. - 
But what follows from the Obli 
mall fee in the 16th Chapter of this Pook. 

When the Diameters of the Sheaves are as the natural Numbers *, 
all of them perform one Revolution in the ſame time; wherefore * 266. 
all the ſuperior and all the inferior Sheaves may be join'd, ſo that 
We may have only two moveable Axes; we always ſuppoſe the 


See Fig. 8. quity of Ropes, we 
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Fig. 7. 


271. 
Plate IX. 


Fig. 8. 


ran: we muſt obſerve, that the Axes of t 
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Axes fix'd to the Sheaves to be of Steel, and to turn in Braſs, as 


we have explain'd above *. 


EXPERIMENT 4. 


We often make uſe of equal Sheaves, parallel to each other 
which Conſtruction is very compendious. 


The End of the Rope is fix d to the Hook V, then the Rope 


goes down to the firſt lower Sheave, winds about it, then riſes up 


to the firſt upper Sheave, from which it goes down to the ſecond 
lower one, from which it riſes again to the ſecond ſuperior Sheave, 


e. 


- 


That in theſe Circumſtances all the Ropes my be vertical, and 


e upper Sheaves 
eing put in the ſame Line, the inferior Sheaves muſt not be dif. 


pos'd in the ſame manner, and ſo vice verſ#, But the propereſt 


_ Diſpoſition of the Axes is ſuch as we ſhew here. The Axes are 


repreſented at T and O, as in horizontal Planes, which are 
ſuppoſed to paſs at T thro' the ſuperior Axes, and at O thro' the 
inferior, 

If the Paralleliſm of the Rope be neglected, Care muſt be taken 
leſt the lower Pulley comes too near the upper, that is, the Weight 
won't be rais'd to the ſame Height as if the Ropes were parallel, 


EXPERIMENT 5;. 


When the End of the running Rope, which was fix'd in the 
former Experiments, is join'd to the Weight, or to the Box car- 
rying the Sheaves moveable with the Weight, the Ratio of the 
Power to the Weight is no longer as 1 to twice the Number of 
the Sheaves join'd to the Weight ; but this double Number muſt 
be increas'd by 1. And here, when two Sheaves are join'd to the 


Weight, the Ratio is as 1 to 5; for the Weight is ſuſtain'd by ſo 


many Ropes, 
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Chap. 14. / Natural Philoſophy. 


0G AT. FLV: 


Of the WH edge and Screw, the fourth and fifth of the 
« ſimple Machines. 


ROM what we have already faid, it appears ſufficiently, 

how by help of a ſmall Power a great Weight may be ſuſ- 
eain'd or rais'd. The mechanical Art is not reſtrain'd to thoſe 
Uſes alone; the Powers, whoſe Intenſities are ſmall, may be ap- 
plied to the overcoming of any great Reſiſtance. A remarkable 
Example of it may be ſeen in the Wedge, an Inſtrument ſerving 
to cleave Wood, and for many other Uſes. 


DEFINITION I. 


55 


A Wedge is a Priſm of a ſmall Height, whoſe Baſes are equicrural 272. 


Triangles ; one of them is repreſented at BCD. 


DEFINITION 2. 
The Height of the Triangle is the Height of the Wedge; as CE. 


DEFINITION 3 


The Baſe of the Triangle is alſo call'd the Baſe of the Wedge; as 
BD. | 


DEFINITION 4 


The E age of the Wedge is the right Line which joins the Vertices 
of the Triangles; as C c. 
The Edge of the Wedge is applied for cleaving of Wood and 


ſeparating Bodies, and is often driven in by the Blows of a Mallet, 
inſtead of Preſſion. 


Plate X. 
Fig. 1, 


273. 


274. 


275. 
276. 


When the whole Wedge is driven in, the Space gone thro' by 


the Baſe to which the Power is applied, is the Height of the Wedge 
E ©, which therefore muſt be taken for the Space gone thro' by 
the Power ; but the Space which the Bodies that are ſeparated, 
recede from one another in the ſame Time, is the Baſe of the 
Wedge, whence it follows, 

That the Power is to the Reſiſtance of Bodies to be ſeparated, 
—_ 80 is equipollent to it, as the Baſe of the Wedge to iis 

ego *, | | 


2 When 
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Plate X. 


Fig. 2. 
® 162. 


7 164. 


in the next Scholium 1. 
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When Wood is to be cloven, this Rule does not hold good; 
becauſe all the Parts of the yielding Wood do not go thro' equal 
Spaces. What relates to the cleaving of Wood will be explain'd 


A Macnins, whereby the Properties of the Wedge are 
l 

The ſmall wooden Table A is to be fix'd about 3 Foot and an 
half above M. 

For this purpoſe, to the Pillar C * which has another leſs 
Pillar fix d to it, muſt be added the Head H +. In this Figure 
we could not draw the whole Pillar C, ſo we omitted its mid- 
dle Part, as well as the Middle of the Ropes that we ſhall conſider 
preſently, | | 

There is a ſquare Hole in the upper Part of the Head H, (ſee 
Plate IV. Fig. 5.) thro' which paſſes the Tail of a wooden Cy— 
linder B, which fits the Hole ſo exactly, that the Cylinder is made 
faſt by the help of a Screw F, as well as the Board A, which is 
join'd to the Cylinder. This little Table or Board is 6 Inches 
long, and 4 + wide, and muſt be fix'd in an horizontal Poſition. 

At its Angles are the four Holes a, a, 5, b, thro' which the 
Ropes paſs, and which are fix'd in the Holes ; theſe are equal to 
one another, and about 30 Inches long. 

To theſe Ropes are faſten'd four Braſs Plates, as d and d, of 
which only two can be ſeen, 

By their Help are ſuſpended two wooden Cylinders G I, GI, 
the Length of each of which is equal to the Diſtance 4 b, that the 
two Ropes by which the ſame Cylinder is ſuſtain'd, may be pa- 
rallel, The Axes of the Cylinders are of Steel, and flender as ee; 
they go thro' 4 d, the greater Holes of the Plates, and fill them, 
yet ſo as to turn freely. : 

To diminiſh the Friction the Baſes of the Cylinders are a little 
prominent in the middle, wherefore the Length of the Cylinders, 
if it be meaſur'd betwcen the Circumferences of the Baſes, falls 
ſhort a little of the Diſtance above-mention'd a þ, between the 
Ropes that ſuſtain the Cylinders. 

The Diameters of the Cylinders at I, and G, are 2 + Inches; 
the middle Part O is ſmaller, 4 Inches long, whoſe Diameter 
is 1 = Inch. This ſmaller Part is encompaſs'd with two Rings, as 
„ made of the Wood itſelf, ſo that the Plate DE, which is applied 
to this ſmall Part, may touch only the Rings. N 
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In the Board A there are alſo two other Holes between a, a, 
and 5, ö, namely c, c, thro' which the Ropes paſs, which are 
faſten'd by Pins as 5, to the upper Part of the Board. Two Braſs 
Pulleys, as T, are ſo ſuſpended by theſe Ropes, as to turn freely 
about their Steel Axes. F 

A Pulley, as T, is join'd to one Cylinder, whilſt it is faſten'd 
to the Plate d by the Ropes m, m; the Rope n joins with the 
oppoſite Plate d, which goes round the Pulley T, and is drawn by 


fide of the Cylinders in the fame manner ; by which two Weights 
the Cylinders are drawn together. 

By turning the Pins s, of which only one is viſible in this Figure, the 
Pulleys are rais'd or depreſs'd, till the Ropes and are horizontal. 

The Wedge is form'd of two thin wooden flat Boards, D E, 
DE, join'd by Hinges, ſo as to make any Angle with each other. 
Thro' theſe paſſes the Screw L L, which is bent in an Arc of a 
Circle, over which two outward Screws, as 1, are mov'd. By 
theſe are ſeparated the Planes D E, D E, and the Angle which 
they make ſo fix'd that it may not be alter'd. 


between the Cylinders; that Weight is ſuſpended by the Rope / 
in the middle Point of the Edge of the Wedge. 


Wood, a little truncated at the Vertex, as ABC; on which the 
Height and Length of the Baſe are mark'd, any Meaſure being 
given, It is convenient to expreſs the Height by the Number 16, 
if the Cylinders are drawn towards one another by whole Pounds. 
ouch a Triangle is put between the Boards that make the Wedge, 
that the Situations of the Plates, as /, may be determin'd. 


EXPERIMENT. 

Things being diſpos'd, as has been ſaid in the Deſcription of the 
Machine, if the Weight by which the Wedge is puſh'd in be- 
tween the Cylinders, (that is, the Weight of the Wedge, of the 
Screw LL, and the Scale with the W eight in it Q) is to the Sum 


you have an Equilibrium between the Force by which the Cy- 
Indcrs are ſeparated, and that by which they are drawn together. 
This is prov'd, becauſe the Wedge is rais'd or depreſs'd by the 
leaſt Agitation, 

VOL. I The 


the Weight P. Such another Weight is ſuſpended on the other 


Hanging up the Scale with the Weight Q, the Wedge is put 


ef the Weights P, P, as the Baſes of the Wedge to its Height, 


57 


That the Ratio between the Baſe and the Height may be deter- Plate x. 
min'd in the Wedge, ſmall iſoſceles Triangles muſt be made of Fig. 3. 


Fig. 2. 
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The Screw has a great Affinity with the Wedge. It confi: 
of two Parts, | | 


| DEFINITION 5. 

The firſt, which is call'd -h infide Screw, is a Cylinder cut in 
the Form of an Helix, as AB. 

The ſecond, which is call'd the.outfide Screw, and whoſe Figure 
differs according to the different Uſe of the Machine, is 4 Folia 
hallow'd cylindrically, whoſe concave Surface is cut in ſuch manner 
that its Eminencies may agree with the other's Cavities, as DE. 

Theſe two Parts may mutually move in each other, which is 
requir'd in the Uſe of this Machine. It ſerves chiefly for the Com- 
preſſion of Bodies, which are to be join'd and compreſs'd firmly; 
for in this Machine a very ſmall Power compreſſes Bodies very 
ſtrongly. The Screw alſo may be uſed for raiſing Weights. 

In each Revolution of this Machine, one Part being at reſt, the 
other is puſh'd forward to the Diſtance between the two Threads 
of the Screvy, near each other. The Power by which the Screw 
is mov'd, is applied to the Handle; and the Power is to the Com- 
preſſion. which it generates, as the ſaid Diſtance - between the twy 
neareſt Threads of the Screw is to the Peripbery of a Circle, run 
thro' by the Handle to which the Power 1s applied: for the Way 
gone thro' by the Point or Plane, by which the Reſiſtance is over- 
come, is in that Ratio to the Way of the Power. This Way would 
be a little greater, if the Power was applied in a Direction parallel to 


the Thread, but this often would be very difficult; therefore in 


Practice the Power almoſt always acts in a Plane perpendicular to 
the Axis of the Cylinder, which forms the infide Screw, and this 
is the Caſe which we have conſider'd. 

Here we muſt obſerve, that when the Power in any Machine 
is equipollent to the Weight, or Reſiſtance, by increaſing the 
Power, the leaſt that is, it will overpower, if the Machine has no 
Friction; but when there is a Friction, that muſt alſo be overcome 
by the Power : but we cannot determine by a mathematical Rea- 
ſoning how much 1s requir'd to do this. 

In Screws the Friction is very ſenſible, and alſo very uſeful ; tor 
by it the Machine is kept in its Situation ; and when the Power 
ceaſes to act, it does not return to its former Situation by the Ac- 
tion of the Bodies that are compreſs'd, or the Gravity of the 
Weights. 


SCHOLIUM 
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SCH OLIUM I. 5 
Concerning the cleaving of Wood. 


E T a Piece of Wood be given, whoſe Parts already ſeparated make 26. 
an Angle EF L; let this moreover be to be cloven by means of the Plate x. 
Wedge A C B, whoſe Baſe is AB, and whoſe Height is CD. Fig. 5. 

Where the Parts are ſeparated, tho' ever ſo little, all Reſiſtance is taken 
away : but before the Parts are ſeparated at F, the Points E, L, muſt be 
mov'd a little, that is, the Angle E F L muſt be inlarg®d ; we muſt there- 
fore determine the Force, by which this Angle is to be inlarg'd. 

Let us ſuppoſe this Angle to be inlarg'd, ſo that it may becomee F /; 
the Wedge has enter d, and is at a CB; the Parts of the Wood E, L., 
have been carried thro' Ee, LI, but thoſe that are the leaſt diſtant from 
F, move thro* the leaſt Space, and the Lines EF, and L F, by their 
Motions deſcribe the Areas of equal Triangles e FE, IF L. 

Having drawn e F and F F, parallel to E F, and e E, let the Pa- 
rallelogram e E F f be form'd; the Triangles e F E, and F EF are equal“; 34 El. I. 
and the Parallelogram is equal to the two Triangles e F E and LF / taken 
together: therefore the above- mention d Motions of the two Lines E F, 

LF, join'd, amount to as much as the Motion of the Line E F alone, 

thro* the Space E e or Ff; which little Line therefore repreſents the 
Diſtance, whereby the Parts of the Wood are ſeparated from one another : 

but conſidering this Separation, this little Line is the Space gone thro' by 

the Obſtacle that is to be overcome, whilſt the Space which the Power 
goes "4h is Cc, namely the Space thro' which the Wedge has been 
carried, | $1545] 

Therefore the Force, by which the Wedge is thruſt in, is to the Re- 
ſiſtance of the Wood, when they are equipollent, as e E is to Ce. i. 

Let Cg be drawn parallel to E e, thoſe Lines will be equal +, becauſe + 34 El. I. 
the Side A C of the Wedge was carried by a parallel Motion; therefore the 
Ratio is found, which is given between g C and C c. 

The little Line Ee, and therefore alſo g C, is perpendicular to FE ; 
for Ee is an Arch of a Circle, fo ſmall, that it may be taken for a right 
Line; the Radius of whoſe Circle is F E. 

Let the Line D H be drawn thro* the Point D in the middle of the Baſe, 287. 
reaching A C the Side of the Wedge at H, and making a right Angle with 

FE, the Side of the ſeparated Wood continued; this is parallel to Cp. 

| Becauſe of the Sides c C, C D, and the other Parallels, the Triangles 

CgC, DHC, are ſimilar ; therefore D H is to DC, that 7s 7 the 

Tleight of the Wedge, as g Cto Ce; that is, as the Force by which the 

Wedge is thruſt in, to the Reſiſtance of the Wood, when neither can overcome 

tbe other ; the Power being a little increas'd, the Parts of the Wood are 


ſeparated. 5 
. 1 2 When 
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When the Parts of the Wood are not ſeparated, except ſo far as the 
Wedge goes in, the Lines A C and E F come together, and the Angle 
DH is a right one, therefore the Triangles CHD, C AD, are ſimilar 8. 
and D H is to D C, as A D to AC, In that Caſe therefore the Force by 


which the Wedge is puſh'd in, is lo the Reſiſtance of the Mood, where they 
are equipollent, as the half Boſe of the Wedge to its Side. 


SCHOLIUM 1. 


The Examination of a certain Machine. 


Thers have deſcrib'd a Machine for demonſtrating the Properties of 
the Wedge, different from that above deſcrib'd *; I formerly 


caus'd ſuch an one to be made, upon the ſame Principle with it, which 


differ'd from it but a little; but I ſhall ſhew in a few Words in what it is 
fallacious. | 

In that Machine, the Wedge like that which is made uſe of in our Ma- 
chine, was drawn by a Weight between the Cylinders I G, I G, in the 
fame manner as we ſaid was done in ours; but the Cylinders were mov'd 
along Braſs Rulers, upon which prominent Steel Axes were plac'd. The 
Cylinders were drawn by Weights hanging at Ropes, which went over 
fix*d Pulleys that were only moveable about their Axes. 

In that Machine an Equilibrium is given, if the Force, by which the 
Wedge is thruſt in, is to the Sum of the Weights P, P, as the half Baſe 
of the Wedge to its Height, which Proportion does not hold in the 
Wedge“. 

This Machine does not repreſent what happens in the Action of the 
Wedge, whereby Bodies are ſeparated ; for the Weights drawing the Cy- 
linders do not repreſent the Force, whereby the Cylinders cohere together; 
bur each of the Cylinders is drawn to the fix'd Pulley by half of thoſe 
Weights : but in our Machine, the Cylinders cohere by the Force of the 
whole Weights P P. 


. 
Of Compound Machines. 


VERY compound Machine may be reduc'd to ſimple ones; 
for it is made up of ſimple ones join'd. When two arc 
join'd, the Power is applied to one, and the Action of that Ma- 
chine acts upon the other inſtead of a Power; therefore that ſame 
Action, in computing the Effect of the ſecond Machine, 1s taken 
for the Intenſity of the Power, which moves this ſecond * 
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If the Action is quadrupled, by help of the firſt Machine; and 
tripled by the ſecond Machine only, it is manifeſt that a quadruple 
Action is tripled, and is duodecuple or twelve-fold : but this may 
be applied to any Number of Machines ; wherefore it is an uni- 
verſal Rule, that in any compound Machine, the Ratio of the Inten- 
fit of the Power to the Reſiſtance, with which it is in Æmguilibrio, is 
compounded of all the Ratios, which would take place ſeparately in 
the ſimple Machines. | 
Which Ratio we alſo diſcover, by comparing the Spaces paſs'd 
thro' by the Power and Weight, in the ſame time, and the fame 
Motion of the Machines ; for theſe Spaces are inverſely, as the 
Power is to the Weight “. 
I will illuſtrate theſe Rules by Examples. 


EXPERIMENT TI. 
Three Levers A, B, C, are fo diſpos'd, that the Weight P, 


291. 


290J- 


applied to the Lever A, is ſuſtain'd by the Power Q, acting upon _ 


the Lever C. | 

The Fulcrum F of the Lever A is put upon the tranſverſe 
Piece of Wood L L, which is ſupported by two Pillars, that the 
Application of a greater Weight, as P, may not be hinder'd. 

The other Levers, B and C, are each ſuftain'd by one Pillar 
only; and are, when ſeparate, in Æquilibrio, as well as A, by 
having ſmaller Weights join'd to the Arms, D, D, D, &c. In 
the Lever A, if it is applied alone, the Ratio of the Power to 
” Weight is 1 to 5. In the Lever B, 1 to 4. In the Lever 

, I to 6. 

A Ratio made up of theſe three is as 1 to 120. That is, the 
ſingle Ounce Q ſuſtains P, that weighs ſeven Pounds and an half, 
. e. an hundred and twenty Ounces ; which may alfo be deter- 
min'd by comparing the Spaces paſs d thro', in the ſame time, 
when the Machine is mov'd. 

By theſe Levers join'd together a compound Steel-yard is made, 
whereby Bodies are weigh'd, by applying a ſmaller Weight. 


EXPERIMENT 2. . 
AB is a Lever of the firſt kind, which turns upon the fix'd 


56 


295 


Point C; this communicates Motion to a Lever of the ſecond kind * * 
. 5 : . . 
F H, which moves upon this laſt Point; at G the Scale L is ſuſ-“ 


pended: the Weight D makes an Æquilibrium. an 
10 
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The Arm CB of the firſt Lever is divided into equal Parts, 7 


here take notice of the greater Diviſions, which are ſubdivided int, 
ſmaller: now it is manifeſt that by the ſmall Weight Q, moveable 
upon this Arm, it may be determin'd how much Bodies weigh as 
P, put into the Scale, 

As many Levers are join'd, ſo ſeveral Wheels may be alſo join'd, 

A Weight is hung upon the Axis of a Wheel, and a Rope is put 
round its Circumference, which that it may be drawn is join'd to 
the Axis of another Wheel, to whoſe Periphery the Power is 
applied. 

hs the ſame manner many Wheels might be made uſe of, and 

the Computation ſhould be made according to the general Rule *; 
but it is more convenient to transfer Motion from one Wheel to 
another, by the help of Teeth. 

If the Axis of a Wheel has Teeth, the Motion will be commu- 
nicated to a ſecond Wheel, whoſe Periphery has Teeth, which 


anſwer to the firſt. By this means Motion may alſo be communi- 


cated to a third Wheel, and farther ; but as theſe can't be applied 
ſeparately, the Rule N*. 291. does not take place here, but this 
other, whoſe Demonſtration is eaſily deduc'd from a Compariſon of 
the Spaces paſs'd through. 

The Ratio 75 the Power to the Weight, when the Actions are equal, 
7s compounded of the Ratio of the Diameter of the Axis of the la. 
Wheel, to which the Weight is faſten'd, to the Diameter of the fi 
Wheel, to whoſe Circumference the Weight is applied; and the Ratio 
of the Revolutions of the laſt Wheel to the Revolutions of the firſt, in 
the ſame time, | 1285 


EXPFRIMEN T 1 


A Power is applied to the Wheel A, which ſuſtains a Weight 
tied to a Cord, going round the Axis of the Wheel B, whole Cr- 
cumference has Teeth, which enter between the Teeth of the Axis 
of the Wheel A; for this Axis CD has Teeth at D. | 
The Diameter of the Axis of the ſecond Wheel is an eighth 
Part of the Diameter of the firſt Wheel, and the Circumference of 
B, contains 4 5 Teeth, whilſt there are only ſeven in D; fo that A 
turns round five times, whilſt B turns once. Therefore the Ratio 


of the Power to the Weight, is made up of the Ratio of 1 to 8, 
and 1 to 5, and is 1 to 40. Half a Pound ſuſtains twenty 
Pounds. | 


In 


make a ſimple Machine; F they are moveable ſeparately, they be- 
lng to compound Machines. Ys 


EXPERIMENT 4. 


each has its peculiar Rope, one of whoſe Ends is faſten d to a Hook Fate 
of the next Sheave; if we except the laſt which goes over the fix'd 

Pulley T, that the Power Q may be applied to it. This Power 
ſuſtains a greater Weight according to the greater Number of 
Sheaves, for it: is doubled by each. In this Caſe, one Ounce ſuſtains 

thirty two, and a Quarter of a Pound ſuſtains eight Pounds. 

The Hooks of the Arm A are ſo to be diſpos'd, that all the Ropes 

may be parallel. 


ing ſeveral Sheaves, the Increaſe will be greater; but ſeveral fix'd * 203- 
Sheaves are alſo requir'd for each. ; 
In the two following Experiments I make uſe of Machines of a 


different kind join'd together. 


ExPERIMENT 5. 


Force is increas'd fix times by the Pulley, and when the Diameter 9 


of the Axis is the ſixteenth Part of the Diameter of the Wheel, the 
Ratio of the Power to the Weight is made up of the Ratios of 1 to 
b *, and 1 to16 +; therefore it is as 1 to 96; and therefore the * 261. 
lingle Ounce L ſuſtains the Weight P of fix Pounds. 1 * 


The Axis in Peritrochio may be mov'd by applying a Screw; in 


clin'd, to agree with the Thread of the Screw. Such is the Wheel A, Fi. 5 
which is mov'd by Help of the Screw DC. This is call'd an end- 
leſs Screw, and a very ſmall Power, by help of this, produces a 
wonderful Effect; for there are required ſo many Revolutions of 
the Screw, in each of the Revolutions of the Wheel, 7. e. of the 
Handle whereby the Screw is mov'd, as the Wheel has Teeth. If 
t this Wheel another Wheel with Teeth be alſo added, the ſame 
Power will be able to overcome a greater Obſtacle, | 


E x- 
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In the Uſe of Pulleys we ſee how many Sheaves join'd together Zoo. 


The five Sheaves O, O, O, O, O, are movable ſeparately, and 301. 
of the Arm A of the Pillar CG; the other is join'd to the Hook 13, 174. 


If inſtead. of ſingle Sheaves, we make uſe of Tackle *, contain- 302. 


The drawing Rope of the Pulley is join'd to the Axis in Peritro- 3oz. 
chio, the Power is applied to the Wheel; and here, when the Plate XI. 


O4., 
this Caſe the Wheel muſt' have Teeth, which Teeth muſt be in- Plat Xt 
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EXPERIMENT 6. 


The Machine exhibited here, conſiſts of two Wheels, and an end. 
leſs Screw, which is mov'd by the Handle DE. In this, the Ra- 
tio of the Power to the Weight, when they are equipollent, is 
made up of the Ratio of the Semidiameter of the Axis of the laſt 
Wheel B, to the Length of the Handle DE, and the Ratio of the 
Revolutions of this Wheel to the Revolutions of the Handle, or 
Screw, in the ſame time. The firſt Ratio, in this Machine, is 1 
to 30; the ſecond is collected from the Number of Teeth. The 
laſt W heel B has 35 Teeth in its Periphery, the Axis of the firſt 
Wheel A contains 7 Teeth; therefore the firſt Wheel turns round 
five times, while the ſecond turns once; but this firſt contains 36 
Teeth, therefore the Screw makes ſo many Revolutions, while this 
Wheel turns round once * ; the Ratio compounded of theſe two is, 
1 to 180, which is the ſecond Ratio ſought for; and the Ratio 
made up of this and the firſt, 1 to 30, is the Ratio of 1 to 5400, 
which is the Ratio of the Power to the Weight in caſe of an Æqui- 
librium: and if you increaſe the Power ever ſo little the Weight 
would be rais'd, if there were no Friction ; which as it is not to be 
neglected in all theſe Machines, the Power muſt be increaſed pretty 
ſenſibly, before it can overcome the Weight; yet a very great 
Weight is rais'd by a very ſmall Power. The Length of the Piece 
ED may be doubled, or increas'd more, whereby the Action of the 
Power is doubled, or augmented more ; in this Caſe a Weight of an 
hundred Pounds, and greater, is eaſily rais'd by a ſmall Hair. 

Innumerable other compound Machines may be conſtructed, 
whoſe Actions are determin'd after the ſame manner by Computa- 
tion, according to the Rule mention'd in the Beginning of this 
Chapter *; or by comparing the Space paſs'd through by the Power 


with that paſs'd through by the Weight, or any other Obſtacle: 


for the Ratio of theſe is the inverſe Ratio of the Power and Weight, 
or Obſtacle, when the Action of the Power is equipollent to the 
Reſiſtance of the Obſtacles *. | | 

Preſſures, which acting contrarily deſtroy one another, are always 
equal; if therefore the Intenſity of a Power is leſs than that of an 
Obſtacle, the Power ſhould exceed the Obſtacle in reſpect of the 
Way paſs'd through, and indeed as often as its Intenſity is leſs than 
that of the Obſtacle ; for the Effects of the Preſſures can differ no 
other way *, and therefore” there can be given no other Compen- 
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CH AP. XVI. 
Of Oblique Powers. 


DEFINITION I. 


Call that a direct Power, which preſſes, or draws the Point, to 308. 
which it is applied, in the Direction of the Line, in which it 
can yield. So that the Point, when mov'd, follows the Direction 


of the Power. 
I have treated hitherto of ſuch an Application of Powers, 


DEFINITION 2. 


In every other Caſe the Power is ſaid to be obligue. And the 3og. 
Point, when mov'd, goes in a way different from the DireCtion of 
the Power. 

Let A be a Point, moveable only in the Line A D, and drawn 310. 
towards D; let this be retain'd by an Action, whoſe Direction is rag * 
along AE. If this Power were applied along AB, it is manifeſt̃c 
that the Power muſt be ſuch, whoſe Intenſity is equal to the Ac- 
tion, in the Line AD; butit is applied along AE, and its Inten- 
ſity is requir'd. | 

Let A C be rais'd perpendicular to A D, and from a Point in 
this taken at pleaſure, let CF be drawn, perpendicular to E A, 
continued if requir'd. 

Let us ſuppoſe AC, CF, to make a bended Lever turning 
_ C; and the Point A to be join'd to the End of the Leg 

A. | 

If the Lever is turn'd about C, the Point A is mov'd, in the 
firſt Moment, (which only is ſpoken of, when the Aquilibrium is 
to be determin'd) in the Line DAB. But this Motion may be 
communicated to the Lever, by applying a direct Power at F along 
FE; or by a like Power acting along A B, and theſe are, when 
they produce the ſame Effect, as CA to CF x. 238. 

But the firſt coincides with the oblique Power at A applied along 
AE, which we ſeek; and the ſecond with the Power directly de- 

ſtroying the Action which draws the Point A along A B, which 
we ſuppoſe to be known. 5 | 
* Let there be raid a Perpendicular to A B, in a Point taken at 311. 
e 


aſure, cutting the oblique Direction A E at E, and making with 
Vor, I. K it 
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it the Angle AE B equal to the Angle FAC &; where fore b 
reaſon of the right Angles A BE, AFC, the Triangles CF A 

AB E, are equiangular, and CA is to CF, as AE is to AB +; 
Therefore, if A B repreſents the Action, which can re | 


| | | tain the Pont 
A directly, A E will repreſent the obligue Power, which produces 


the ſame Effect along A E: and it is eaſily determin'd how much 3 
Power, applied to a Machine, is to be increas'd upon account of 
its Obliquity, as appears in the following Example. 


| EXPERIMENT f. 

To the Lever A B, which is in an horizontal Poſition, and whoſe 
Arms BC, AC are as 3 to 1, there is applied at A the Weight P 
of two Pounds; and at B a Power acting obliquely along e h, re- 
preſented by the Weight Q. Let there be conceiv'd a Line ei 
perpendicular to the Lever, and ſhewing the Direction of the Agi- 
tation of the Point B, or e; if, the rectangular Triangle e 7 h being 
made, ez is to e b, as two to three, and the Weight Q of one 
Pound, there will be an Æquilibrium. 

The oblique Power along e h, equal to three, exerts its Effect 
along ei, equal to two *; but the Action along e 2, equal to two, 
ſuſtains in this Lever a Weight, equal to fix + : therefore the ob- 
lique Power is to the Weight, as three to ſix, i. e. as 1 to 2. 

In this Experiment the Lever before ſpoken of is uſed *, and 
the Rope e is put round the Pulley, fix'd in the ſide of the Ta- 
ble +. I determine the Obliquity of the Power by the wooden 
Triangle LM N, which has a Plumb-Line faſten'd to it, but we 
give the Obliquity to the Thread by removing the Foot of the 
Lever more or leſs from the. fide of the Table. The Lever is re- 
tain'd by Weights, put upon its Foot ; for this oblique Power 
draws. the Lever in the Direction CB, and it ſhould be ſo retain'd, 
as yet to be moveable about C: but I determine the Force, which 
retains the Lever, which is. equal to the Action of the Power 
along C B, by the rectangular Triangle E H I, and it is to the ob- 
lique Power as E H is to HI *. | 

We ſhould reaſon in the ſame manner when we ſpeak of an 
oblique Power, applied to any Machine. | 

I ſhall now. confider oblique Powers more univerſally. 

Let there be given a Point A drawn by three Powers, and at 
reſt. Let the Directions be AB, AD, AE, and let us ſuppoſe 


theſe Lines to be to one another, as the Powers are, When they 


retain the Point, 7, e. when any two deſtroy a third, Then the 
| | Powers 
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Powers A D, A E, draw the Point A along A 5, with as much 
Force, as it is drawn along A B, by one Power only. 

D d, Ee, being drawn perpendicular to A; the Force, where- 
by the Point A is drawn towards 5, by the Power A D, is equal 
to Ad*; and the Action of the Power AE, in the ſame Line A5, is « zi. 
equal to A e. Therefore the Line A B, which expreſſes the third 
Power, deſtroying theſe two Actions, is equal to the Sum of the 
Lines Ad, Ae. 

But this Equality is not ſufficient, that the ſuppos'd Aquilibrium 
may be given between the three Powers; f A g being drawn per- 
pendicular to AB, and D f, and E g, parallel to it; it is manifeſt 
that the Point A is drawn by the Powers AD, AE, along A/ 
and Ag, by Actions proportional to theſe Lines *, and that the * 311. 
Point will not be at reſt, unleſs theſe Actions mutually deſtroy one 
another, 1. e. are equal. 

Therefore what is requir'd to make the Aquilibrium, without 316, 
which it cannot be, and which will always make it, is, that the 
Lines A f, Ag, or Dd, Ee, be equal, and that A B be equal to 
the Sum of the Lines Ae, Ad. But we have theſe if, having 
compleated the Parallelogram with the Sides A D, AE, the Di- 
rection A B be the Production of the Diagonal A 5, and equal to 
it; which appears, if we attend to the Triangles Ae E, D d 6, 
which agree in all things *. 29. 34. 26. 

Now if we attend only to the Triangle A D 5, when the Side El. I. 
D 5 is parallel to the Line AE, and equal to it F, it follows, that + 34 EL. I. 
a Paint, drawn by three Powers, is at reſt, in this Caſe only, if 317. 
the Powers are to one another, as the Sides of a Triangle made by 
Lines, parallel to the Directions of the Powers. 

This Propoſition ſhews how the Actions of two Powers may be 318. 
reduc'd to one only, The two Powers AD, AE, are equal to one 
which ſhould act along A 5, and be proportional to this Line. 

It appears from this alſo, that the Action of a Power may be re- 319. 
foly'd into two Actions; and indeed innumerable Ways, by reaſon 
of the innumerable Triangles, which may be form'd, the ſame 
Side being kept. 

It matters not whether a Body be drawn by a Power along A 5, 
whoſe Intenſity is expreſs'd by this Line, or by two Powers along 
AD and AE, the Intenſities of which are reſpectively proportional 
to theſe Lines; and this Reſolution of a Power into two, is indeed 
arbitrary, but only in reſpect of one of them; for If one is . 
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the other 1s determin d: for the Triangle is determin'd, when two 


Sides and the Angle contain'd by them are given. 


Concerning the Propoſition of Number 317, we obſerve further 
that from-a known Property of Triangles, it is deduc'd, that the 


Sides are to one another, as the Sines of the oppoſite Angles : Yes 


Powers are in Æquilibrio, which are to one another as the $ nes 0 
the Angles, form'd by the Directions of the,ghpofite Powers. That 
is, the Power, which acts along AE, is 425 Sine of the Angle 
B A D, and ſo of the reſt. FN 

We have explain'd above the Machine, by which we demon- 
ſtrate the Experiments of the oblique Forces &; now we make uſe 
of it, ſetting aſide the ſmaller Supports f, f, f;, f, (Plate IX. Fig. 1, 
and 2.) then the Threads which are plac'd horizontally, and go over 


Pulleys, drawn by Weights hanging on them, will ſcarce be rais'd 
a quarter of an Inch above the Board. 


EXPERIMENT 2. 


Three Pulleys T, T, T, are join'd to the Machine in Places 
taken at pleaſure ; three Threads join'd in one Point by a Knot, 
go over the Pulleys, the Weights of fix, nine and twelve Ounces 
hanging to them. 

Theſe of themſelves endeavour to come to an Equilibrium, to 
which they return, if the Knot be remov'd out of its Situation. 
Each of the Pulleys muſt be turn'd ſo, that its Groove may follow 
the Direction of the Thread. i 

On a ſeparated Board, of five or ſix Inches long, and as wide, 
made of thin Wood, or of Paſteboard, the Figure is drawn, Which 
we have repreſented upon the Board of the Machine itſelf. 

For the Triangle A D & is form'd, whoſe Sides are to one an- 


other as the Weights, that is, as ſix, nine, and twelve, or in 


ſmaller Numbers, as two, three, and four. The Side þ A is con- 
tinued to AB; at D* is drawn the Parallel A E, and the three 
Lines AB, AD, AE, will determine the Situation of the Threads, 
as appears, if, without diſturbing the Situation of the Threads, 
this thinner Board be thruſt in between the Threads and the Board 
of the Machine. | 


EXPERIMENT 3. 
The Triangle L MN, made of Braſs, equilateral, is drawn by 
three Threads, join'd to the Triangle at its Angles. If the Expe- 


riment with theſe Threads be made in the ſame manner, as the 
foregoing 
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foregoing Experiment with the Threads join'd by a Knot, theſe 
Threads will diſpoſe themſelves in the fame manner, and agree 
with the Lines drawn on the Board, 5 


EXPERIMENT 4. 


This Experiment has only one Circumſtance different from the 324. 
foregoing Experiment. In this caſe the Threads are join'd to the uy XII. 
Braſs Plate, in the Points L, N, M. 8. 5. 

The Uſe of the Propoſitions, Ne 317, 318, 319, is very exten- 
five, Let the Point A be drawn by the four Threads, AD, A E, 
AF, and AG, by Powers, reſpectively proportional to the Lines 
AD, AE, AF, and AG. The Triangle AFB being made, or 
the Parallelogram A F B G, the fore-mention'd Powers along A F, 
and AG, are reduc'd to one acting along A B, and which is pro- 
portional to this Line *, and there is an Zquilibrium given, if the 718. 
three Powers along AD, AE, and AB, have a Relation deter- 
min'd for three Powers; in which Caſe, if the Powers along AD 
and A E be alſo reduc'd to one Ab, AB and Ab will be equal 
and in the ſame Line. | 


28, 
** KIll 
Fig. I» 


EXPERIMENT 5. | 

This Experiment is manag'd as the three foregoing, by making 326. 
uſe of four Pulleys, and four Threads join'd by a Knot. 1 XII. 

Let there be applied the Weights of fix, fifteen, twelve, and? 
nine Ounces ; that is, which are to one another, as two, five, four, 
three, The Knot reſting, on the Paper, put upon the Table C, 
Lines are to be drawn in the Directions of the Threads. | 
Let there be AB AE, AF, AG, fo determin'd, that A D Plate XIII, 
may contain two ſuch Parts, A E five, A F four, AG three; I" 
and the Parallelograms D E, G F, being made, their Diagonals 
AB, Ab, will be in the fame Line, and equal. 

I han't drawn the Figure by itſelf as in the foregoing Experi- 327. 
ments, not attending to the Threads; becauſe if there are three 
Powers, the Weights being given, and their Order, there is an 
quilibrium one way only; but theſe being given, if there are four 
Powers, the Angles made by the Threads may be varied many 
ways, the Æquilibrium remaining. | 

But if we would make uſe of the Figure, before delineated at Plate XII. 
pleaſure, it muſt be put upon the Table G of the Machine, and Fg: 3. 
the Threads being plac'd according to the Directions of the Lines, 
the Places of the Pulleys ſhould be determin'd. 
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What is ſaid of four Powers, might have been ſaid of five and 
more; for if two of five be reduc'd to one, we have the 1 
going Example. 

The Point A is drawn by three Powers according to the Direc. 
tions AB, AD, AE, AF and AG, and whoſe Intenfities 2 
proportional to theſe Lines. The Powers along A D and A E are 
reduc d to the ſingle Power Ac; the Powers acting along A F and 
AG are reduc'd to one along A; laſtly, theſe two new Powers, 


along Ac and Ah, are reduc'd to one along A s, which if it be 


equal to a fifth along AB, and acts in the ſame Line with it, but 


in a contrary Direction, there is an Equilibrium, and not other- 
wiſe *. 


EXPERIMENT 6, 


Ts made with five fy and five Threads join'd in a Knot, 
otherwiſe it does not differ from the 5th Experiment x. 


Another Macnine, by which thoſe Things which relate to a Point 
drawn different ways by Threads, are demonſtrated. 

This Machine conſiſts of a round flat Board, of about 8 Inches 
Diameter, which 1s horizontal and ſtanding upon a Foot ; it has a 
Groove in the middle of its Thickneſs going round it to have Pul- 
leys * join'd to it in any Part of its Circumference, the Tail of the 
Pulley going into the Groove. 

This Board is a little hollow'd in the upper Part to receive an- 
other round Board, but leſs, and of about + of an Inch in Thick- 
neſs, ſtanding up a little above the firſt Board; fo that the Thread 
that goes over the Pulley, fix'd to the Machine, in the Manner de- 
ſcrib'd, when extended horizontally may preſs upon the Surface 
DBE. 

A great many ſuch little Boards are requir'd for different Expe- 


riments. They muſt be cover'd on each Side with Paper, that the 


327. 


circular Board along the Threads drawn upon it “. 


* mention'd in the Experiments may be eaſily drawn upon 
em. 

I formerly made uſe of this Machine, and it 1s very compen- 
dious ; and tho' I mention'd a more perfect one, yet I did not 


think it unneceſſary to give an Account of it here. In this, tho' 


you only uſe three Powers, yet the Pulleys cannot be plac'd at 
pleaſure; but in all the Experiments, the Situation of the Pulleys 
1s determin'd by extending the Threads from the Center of the 


Innumerable 
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Innumerable and very complex Problems, concerning different 331. 

Forces acting differently, may be propos d, whoſe Solutions may be | 

grawn from what has been ſaid before, and by help of our firſt 

Machine *, only by increaſing the Number of Pulleys for the Ex-. 250. 
riments ; but theſe complex Caſes being ſeldom of uſe, we return 

to thoſe that are more ſimple. 

The Weight P, join'd to the Pulley, is ſuſtain'd by Powers ap- 332; 

plied on either fide to the running Rope; but drawing obliquely Plate XII. 

along C A and C B; the Powers are equal to one another, becauſe Fig. 6. 

every Rope that goes round a Pulley, is not at reſt, except it be 

drawn equally on either ſide “; the Weight P is the third Power, 159. 

and the Point C is drawn by thoſe 3 Powers. Let the Line C E 

be ſuppos'd perpendicular to the Horizon, and the Line E F pa- 

rallel to the Line CA: then will CE be to F E or F C, (for 

theſe two Lines are equal, by reaſon of the mention'd Equality of 

the Powers drawing along CB, C A) as the Weight P to either 

of the Powers applied to the Rope *. . 
If one End of the running Rope be faſten d to a Nail, the 

Weight P is ſuſtain'd by one ſuch Power alone. 


If the Weight P is not join'd to a Pulley, but the Ropes C A 253: 
and C B be join'd to the Weight itſelf, it may be ſuſtain'd by tW. o 
unequal Powers; in which Caſe the Sides C F, FE, of the above- 
mention'd Triangle, are unequal, and to one another as the Power. 

Here it is to be obſery'd, from the given Inclinations of the 334%. | 
Ropes C A, and C B, to the Horizon, that the Proportion of the | F 
44 to the Weight P may be determin'd from Trigonometrical : 

ables. 

If in the Triangle FCE, the Line F G be conceiv'd drawn 
thro' F, and parallel to the Horizon, G C will repreſent that Part 
of the Weight which is ſuſtain'd by the Power CF *; and G E- zur 
will be the Part that the other Power ſuſtains. When a Pulley is 
made uſe of, as in this Figure, G C and G E are equal. 

Let F be the Center of the Circle, whoſe Radius is G F, FE 
will be the Secant, and E G the Tangent of the Angle, which F E 
or C A makes with the Horizon; and CF will be the Secant, and 
C G the Tangent of the Angle of Inclination of the Thread CB to 
the Horizon : whence it follows, that the Powers are proportional 
to the ſaid Secants, and the Weight P follows the Proportion of 
the Sum of the above-mention'd Tangents. 
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42 Pry agree with the Thread that is extended and goes over the 


162. 


by whoſe Help 


At Da Tail is join'd to this Board behind, which is ſeen at gh, 
the Machine is join'd to the Pillar C &, at any 


Height. The Tail goes through the Opening of the Pillar, and 


2 


is encompaſs d with a Screw, that by the Help of the Nut i, the 
Board may be fix d; as the Tail is round, it may turn in the Open- 
ing of the Pillar, and fo the Machine may be fix'd eaſily, by Help 


of the plumb Line IL, ſo that the Line AB may be horizontal. 


At the End of the Lines above mention'd drawn on the Surface of 


the Board at BE, and AF, there are Numbers written, which ex- 


preſs the Tangents of the Angles, which thoſe Lines make with the 


Horizon, when the Machine is fix d as we have ſaid, The Secants 
of the ſame Angles are mark'd in the middle Points of the ſame 
Lines; ſo that in each Line, the Number in the Middle is to the 
Number at the End, as the Power plac'd along the Direction of the 
Line, to that Part of the Weight which it is able to ſuſtain “. 


EXPERIMENT 7. 


The Weight P is ſuſtain'd by two Threads join'd at s, and carried 
over the Pulleys of the Machine, and which are ſo drawn by the 


Powers O and Q, that the Threads agree with the Lines T and 


T7 7 

+ Now O and Q are to one another, as 11+, and 13 4, that is, as 

the Numbers in the middle of the Lines; and P is expreſs d by the 

Sum of the Numbers, mark'd at the End, which is equal to 15 4. 
If Qpis equal to 117 Ounces; Qs 4 and P 15+; there will be 
Refttill the Threads return to the Inclinations here mark d. 


Exp ERIM ENT 8. 
made uſe of, the Powers O and Q muſt be equal, 


and for the reſt the Experiment is like the foregoing. But in de- 
termining 
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termining the Weight P we muſt have regard to the Weight of the 
pulley: and to do this conveniently, we make uſe of ſuch an one, 
which, together with its Hook and Box, weighs juſt half an 
ke Force with which a Body endeavours to deſcend upon an 
*nclin'd Plane, is determin'd by what we have faid of the oblique 
Power. 11. 


DEFINITION I. 


An inclin'd Plane is ſuch an * _ an oblique Angle with the 338. 


CB repreſents a Line parallel to the Horizon, AB makes Plate XIII 
with it the oblique Angle ABC, and repreſents the inclin'd Plane, Fig. 4. 
From the upper End of the Plane is let fall AC, a Line perpendicu- 
lar to the Horizon, 


DEFINITION 2. 


AB is cal d the Length of the Plane, 339. 


DEFINITION 3. 
The Line AC is call'd the Height of the Plane, 


The Body P being ſet upon the Plane A B, endeavours to deſcend 
upon the Plane in the Direction AB; let us ſuppoſe this Body to be 
retained by the Thread e D parallel to this Plane. Let the'Thread be 
continued along e /; the Point e is moveable in the Line D e f, and 
it is drawn downwards by the Weight of the Body along e i. If this 
Line repreſents that Weight, the Action in the Line Df, whereby 
the Body is drawn along it by its Weight, will be had by drawing 
, perpendicular to Df, and e f will repreſent the Force requir'd x. 311. 
If eg be perpendicular to the Surface of the Plane, and 7g be 


340. 


drawn perpendicular to eg, eg 4 or if will expreſs the Action of + 34. EL. I. 


the Weight on the Plane itſelf, 
The Angle ze f is equal to the Angle BAC, for each of them is 


equal to the Angle i B +, therefore the Triangles /, BAC, are f 29. El. I. 
equiangular; and ef is to ez, as AC to AB||; and the Force by 4. H. VI. 


which a Body endeavours to deſcend upon an inclin'd Plane, zs to the 


Weight of the Body, as the Height of the Plane to its Length, 
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4MAcCuiNE , whereby the Properties of the inclin'd Plane 


are ſhewn. 


An Iron Ruler or Bar BC, well work'd and poliſh'd, whoſe 
Thickneſs ſcarce exceeds a Quarter of an Inch, and whoſe other 
Dimenſions are eaſily determin'd by the Figure, which is reduc'd to 
a ſixth Part, is ſuſtain'd by a wooden Pillar EF. In the Head of this 
Pillar F, about a Point as a Center, the Bar (which is broader in that 
Place) turns in ſuch a manner that it may be inclin'd at pleaſure, 
and be made faſt by the help of the crooked Screw DC going thro 
the Pillar. The Nuts m2 and 7 preſs it to the Pillar on either fide. 

This Pillar has a Tail which goes through the Table and turns 


round init, which Tail is faſten'd by a Nut under the Table. 


The Iron Bar above mention'd goes thro' the Braſs Cylinder G, 
whoſe Weight is 12 Ounces, but may be alter'd by putting a 
Ring round it. In theſe Experiments our Ring is of 4 Ounces, 
which makes the whole Weight one Pound. At the End of the 
Bar is join'd with it a wooden Cylinder A, which receives at its 
End the Bar, let in about one Inch. Into this laſt Cylinder is alſo 
thruſt the Tail of the Pulley T*, about which goes a running Rope, 
which is faſten'd to the Cylinder G, and is parallel to the Bar; fo 
that the Weight F applied to the Rope, ſhall ſuſtain the Force 
whereby the Cylinder G endeavours to deſcend along the Bar. 

The Cylinder G is made uſe of in other Experiments alfo, eſpe- 
cially in thoſe relating to central Forces, which I ſhall conſider in 
the following Part of this Book; and where we ſhall more accu- 


rately deſcribe this Cylinder. 


The flat Inſtrument L is uſed for determining the Inclination of 
the Bar BC. For various rectangular "Triangles are drawn upon 
its Surface, which have one common Hypotenuſe, in one of whoſe 
Ends the Plumb-Line hangs. This Hypotenuſe contains 16 Parts, 
which ſerve to meaſure the Sides of the Triangles ; but only their 


Lengths are ſet down, which are all terminated at the End of this 


common Hypotenuſe, as the Figure ſhews. 


EXPERIMENT g. 


By the help of the little Board L, the Ruler B C is fo diſpoſed, 
that the Length of the Plane is to its Height, as 16 to 6. And the 


Weight P of 6 Ounces will ſuſtain the Weight G of one er 5 
whic 
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Chap. 16. of Natural Philoſophy. 75 
which may be at reſt in any Part of the Ruler or Bar, and riſes or 
falls with the leaſt Impulſe. 


When a Body laid on an inclin'd Plane, is drawn in a Direction 345. 
different from the Plain's Inclination, we alſo determine the Force 
from what has been before demonſtrated “. * 315. 


EXPERIMENT 10. 


A little Board L, rectangular at /, on which is drawn the right- 340. 
angled Triangle a5 c, whoſe Sides are parallel to the Sides of the Pte l. 
Board, is uſed here. Mi 

The Bar B F is ſo inclin'd *, that the Length of the Plane is to * 343, 34+ 
its Height, as the Side c to the Side which is parallel to the Bar, 
being ac of the Triangle ac 5; that is, in the preſent Caſe, as 16 
to 8. 

The Rope faſten'd to the Cylinder G, goes round the Pulley T, 
join'd to the Pillar C*; a Weight of 9 Ounces is hung on; and * 162, 169. 
the Cylinder can reſt but in one Place of the Bar. In that Situa- 
tion, the Direction of the Rope agrees with c e drawn upon the 
Board, and whoſe Length contains ꝙ of thoſe of which c 4 contains 
8, and c b 16. 

The Triangle @ 6 c is ſimilar to the Triangle a oc, in which 4% 347. 
is vertical, and c horizontal; that follows from the Situation of 
the Bar BF. Therefore the Angle 4c is equal to the Angle 
oc]; and bc is parallel to ao *®, and vertical. | CEL 

The Cylinder G is drawn by three Powers. 1. By its own 
Weight acting vertically, in a Direction parallel to the Line 5c. 

2, It is ſuſtam'd by the Bar BF; that is, it is preſs'd in 
a Direction perpendicular to that Bar, and parallel to the Line 
ab, 3. Laſtly, it is drawn by the Rope ce. Theſe three Powers 
are as the Sides of the Triangle ec 6*, Therefore when the * 317. 
Weight of the Cylinder is 16, the Weight of P is 9. 

The Force with which the Cylinder preſſes the Bar B P is as e; 348. 

if the Rope was parallel to the Bar, that Preſſure would be as ab; 


burt it is diminiſh'd now becauſe the Cylinder is drawn more up- 


wards, 

In our Experiment the Cylinder runs upon two little Rollers, 
and the Rope which -goes out of the Hole in the anterior Surface, 
and is directed upwards, diminiſhes only the Preſſure of the ante- 
rior, and muſt raiſe it a little, before it can change. the Preſſure of 
the hinder little Roller, 

L 2 It 


349+ 
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If therefore & be divided into two equal Parts at ; the Part ar 
ſhews the Preſſure of the anterior Roller, and 75 that of the hinder, 


— 


when they are not diminiſh'd ; bat in the laſt Experiment, er 
ſhews the Preſſure of the anterior Roller, | 


„ EXPERIMENT: 11. 

Things remaining as in the former Experiment, change only P, 
and add two Ounces; now the Force which draws the Rope is 
equal to 11 Ounces. The Cylinder changes its Situation, and the 
Line cd, which is 11, ſhews its Inclination. Now there is no 
Preſſure of the anterior Roller on the Bar, it is ſeparated a little 
from it, which agrees with what we have explain'd *. 

Fl add but one thing concerning oblique Forces, and make an 
end of this Subject. - | 

Mariotte, in the ſecond Part of his Treatiſe of the Motion of 
Water, demonſtrates a mechanical Paradox, whoſe Explication 
alſo is eaſily deduc'd from the Proportion ſo often mention'd, of a 
Point drawn by three Powers. 


This Paradox we ſhall immediately ſet before you by a particular 
Machine, 


EXPERIMENT 12. 


The Leaver ACB is ſo made, that when left to itſelf, it ac- 
quires the Situation in which the Part A C is horizontal. A C and 
CB are equal; let A C be produc'd, and let BF be perpendicular 
to that Production. The Arms of the Leaver make ſuch an An- 
gle, that AC is double C f. 

Let the Weight of one Pound P be applied at B; at A the 
Weight of half a Pound G Q, and you will have an Æquilibrium “: 
if the Ratio between A C and C f were different, different Weights 
mult be uſed. = 

Now the Paradox is, that tranſpoſing the Weights the Zquili- 
brium will be kept, | 

That the Experiment may anſwer, we muſt have the follow- 
ing Conſtruction of the Weight G Q: The chief Part of it 1s * 
Box G, which contains 3 Braſs Rollers faſten'd to their ſmall Stee 
Axes; theſe Axes are plac'd in the ſame Line, and the Rollers rs 
ſeparately moveable : the outward ones are of the ſame Bigne b 
but the middle one ſomething leſs. To that Box is join'd the Hoo 
V, and now the whole Machine weighs 3 Ounces, (that is, our 


Machine :) add a Scale of one Ounce, in which you ma 2 
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Weight of four Ounces, and then we have the half Pound above- 
mention'd, 


To the Pillar * ſo often made uſe of we join the vertical Board » 16, 


T. and make it faſt ; in this Board is a Slit u, in which the 
Leg of the Lever C B may move very freely, as the Lever is agi- 
rated about its Center. The Prop of the Lever is made faſt by 


putting on the Weights OO. The Weight G Q is now ſo applied, 


that whilſt it is ſuſtain'd obliquely by the Lever, it is alſo retain'd 
by the Board T; the two external Rollers touch the Board at the 


Outſides of the Slit un, whilſt the middle one is on the Lever it- 


ſelf. The Pillar E muſt be ſet ſo far from the Board T, that the 
Leg A C being horizontal, and G being applied as we have ſaid, 
the Roller which bears on the Lever ſhall touch it in the Point 6, 
which anſwers to B, drawing B & perpendicular to BC, .f 


In this Situation G Q will ſuſtain the Weight P, (of Fig. 2.) 


which now hangs at A. The leaſt thing diſturbs this Æquilibrium; 
if G be depreſs'd a little, ſo that the Roller no longer touches the 


Lever at &, P will be rais'd ; on the contrary, if G be ever ſo little 


rais'd, P will prevail. 


This is the Demonſtration. In the rectangular Triangle C/ B, 3 
let there be drawn from the right Angle f d perpendicular to CB; 
the Triangles fd C, C/ B, will be ſimilar; after the ſame manner + 


drawing d perpendicular to C, the Triangles 4 bf and C df will 


be ſimilar ; and therefore likewiſe 4 bf and Cf B + will be ſimilar. F 21 El. VI. 
The Weight P is to GQ, as A C, or CB, to CF; i.e. as def 


to dh, 


In Fig. 4. the Box is drawn by 3 Powers, 1. By its own Weight 
vertically downwards, to which Direction the Line d þ (Fig. 2.) 
parallel. 2. Horizontally by the Action of the Board T, which 
Direction þ f ſhews. 3. Laſtly, the Lever itſelf acts in a Direc- 
uon perpendicular to it, and that Direction is d F: therefore the 3 
Powers are to one another as the Sides of the Triangle þ f *. 316. 


Therefore the Weight G Q is to the Force, which preſſes the 


Lever at B, as þ 4 to d f, that is, as (in Fig. 2.) CQto P, there- 
fore that Weight P is equivalent to the Preſſure whereby the Point 
B, or b, is preſs'd by the Roller applied to it; by which Preſſure 
's ſuſtain'd the Weight P, hanging at A, becauſe A C, BC, 
ire equal *, Thus tho' you tranſpoſe the Weights the Zquili- * 43. 


brium will be kept, whatever be the Ratio between CF and CA; 


mat is, 4 þ and 4, if there be the ſame between the Weights G Q_ 
BOOK. 


and P, 
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r 
PART III. Of Motions, alter'd by the 


Actions of Powers. 


CG HA-P. XVII 
Of Sir Iſaac Newton's Laws of Mature. 


Itherto we have conſider'd Preſſures, deſtroy'd by contrary 
Preſſures. Now we ſhall examine Preflures acting on 
Bodies left to themſelves, and perſevering in Motion. Here, as in 
all Phyſics, we muſt reaſon from Phænomena, and deduce the 
Laws of Nature from them. 


Sir 1/aac Newton has given three, whereby we think we may 
explain what we know of Motion. 


2 


Law I. 
Every Body per ſeveres in its State of Reſt, or of uniform Motion 


in @ right Line, unleſs it is compell'd to change that State by Forces 


impreſs'd thereon. 


We ſee that a Body by its Nature is inactive, and incapable of 
moving itſelf, whence, unleſs it be mov'd by an external Cauſe, it 
muſt neceſſarily always remain at Reſt. 

For a Body once mov'd continues to move on in the ſame right 
Line, with the ſame Velocity, as appears fully by daily Expert- 
ments; for we ſee no Change in Motion, except from ſome Cauſe. 

A Body is carried on by its innate Force *, and that Force, as 
follows from this Law, is not chang'd, except by the Action of ſome 


external Cauſe, 


Law II. 

The Alteration of Motion is ever proportional to the moving Fore ' 
zmpreſs'd, and is made in the Direction of the right Line in which 
that Force is impreſs'd, | 3 
Me alſo deduce this Law from Phenomena ; for in a Ship, 2 


Body that is driven along moves in the ſame manner, whethe p bi 
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Ship be at reſt, of move with any Velocity equably. Which ſhews 
that 7209 Motions do not diſturb each other, of which we have an Ex- 
ample in many Motions. When another Force is ſuperadded to a 
Body in motion in the ſame Direction, the Motion becomes 
ſwifter. : 7 YNE 
When the new Impreſſion is contrary to the Motion of the Body, 
the Motion is retarded. | , 
If the new Impreſſion acts obliquely, the Body changes its 
Way. 5 
Let there be a Body at A, mov'd along the Line AE, with a 359. 
Celerity which we repreſent by that Line; let an Impreſſion act at Plate XV 
A, along the Direction AD, which along that Direction communi- 
cates to the Body already in motion the Celerity AD. Now the 
Body is agitated by two Motions, by which the Lines AE and 
AD are gone through in the ſame Time; theſe two Motions do 
not diſturb one another *, but the Body is carried by a Motion * 358. 
compounded of both. 
In order to determine this compound Motion, let us conceive the 
Line AD, whilſt the Body runs along it, to be carried by a parallel 
Motion with the Celerity with which the Body is mov'd in the Di- 
rection of the Line AE, which the Point A goes through in that 
Motion. That is, we conceive all the Points of the Line AD to 
run thro” Lines parallel to AE, with the Velocity AE; therefore 
the Body, wherever it 1s in that Line, has the ſame Motion with 
it; we ſuppoſe alſo that. the Body by its proper Motion is carried 
along that Line, and ſo to be ſubject to a double Motion, as all this 
happens in a Ship mov'd uniformly. 
Now let the Line be carried to ad, the Body will be in 6, and 
AE will be to AD, as Aa to ab; becauſe each Motion is equable. 
Having compleated the Parallelogram A DBE, and drawn the Di- 
agonal A B, it appears clearly that the Point & is in that Diagonal, 
and that the Body is in B, when the Line AD is come to EB; 
therefore the Body by a compound Motion goes through the Diagonal 360. 
% a Parallelogram form'd by Lines, which by their Situation ſhew 
the Directions, and by their Lengths the Velicities ; and the Diago—- 
nal expreſſes the Celerity of the compound Motion. 
In what follows we ſhall ſee that this Law does alſo hold good in 
reſpect to the innate Force, that is, that the Force innate to the 
Body moving along the Diagonal, is equal to the Forces of which 
the firſt is communicated to the Body along AE, and the ſecond 
along AD, That is, if the ſecond Force does not in part act con- 


trary 
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trary to the firſt ; which happens when the Angle EAD is obi 


— which Caſe the new Impreſſion is ſpent in part in diminiſhing. N 
Law III. 
„ To every Action there is always oppoſite and equal Reaction, or the al 
mutual Actions of two Bodies upon each other, are always equal, and S 
directed to contrary Parts, cc 
4362. Every Action requires a Reſiſtance, take the one away and the I 
| other will vaniſh; for who can conceive an Action without an J 
Obſtacle? Vi 
If the Action is greater than the Reſiſtance, it will in part act } 
without an Obſtacle, which cannot be. If the Reſiſtance be ſup- p 
poſed greater, as this is a contrary Action, we fall into the ſame 4 
| Concluſion; and it is evident enough that contrary Actions are ne- 6 
| ceſſarily equal. But this will appear more evident by the follow- 
ing Examination. © 
| 363. Let there be a Force acting on an Obſtacle, if it does not yield, 1 
it is retain'd by ſome Force, and there is a Preſſure which acts con- t 
12. trary to the firſt, and deſtroys it, wherefore it is equal to it &. If g 
J preſs a Stone fix d in a Place with my Finger, my Finger is 
equally preſs'd by the Stone. | | . 


364. If the Obſtacle yields, it reſiſts by its Inertia, or Inactivity *. 
19. Let a Body be drawn by a Rope, tho' it may be mav'd eaſily, yet 
the Rope will be ſtretch'd, and each way equally, which ſhews 
the Equality of the oppoſite Actions: but a Body yields tho it reſiſts, 
with a Force equal to that by which it is drawn, becauſe it does not 

219. reſiſt as long as it is at reſt, but when it acquires Motion“. 

A Carriage drawn, in the Beginning of the Motion reſiſts by its In- 
ertia, afterwards by the Friction of the Wheels, and becauſe of Ob- 
ſtacles, which grow leſs indeed but continually happen in the Way, 
and that Reſiſtance is overcome by the Horſe, when the Carr runs 

* 355: by.its-proper Motion *. In that Motion the Harneſs is equally 
ſtretch d both ways, which ſhews the Action and Reaction to be 
equal; yet the Carriage follows the Horſe, becauſe it only reſiſts 
when it follows him; and it reſiſts becauſe it follows. 

The Motion of an agitated Body is deſtroy'd, in the ſame man- 
ner as it is communicated to one at reſt; -wherefore as in this Caſe 
the Reſiſtance is equal to the Action, ſo it is in that, : 

365. Laſtly, We ſee that alſo in thoſe Motions which are referr'd to 

73. Attraction *, the Law of which we ſpeak has place. 


r e a 


2 The 


Chap. 17. of Natural Philoſopiy. 
The Loadſtone draws Iron to it, and is equally drawn by 


Iron, 
EXPERIMENT. 


The Loadſtone M hangs on the Hook of the Scale of a Balance, 


81 


366. 


and the Weight P keeps it in Æquilibrio. It may now move very Plate xIv. 


eafily, and bringing Iron near it, at a certain Diſtance the Loadſtone F. 5: 


comes to the Iron; and drawing the Iron away before the Loadſtone 
is come to it, the Loadſtone follows the Iron, in the ſame manner, 
when the Iron hangs up and the Loadſtone is brought near. But 
when the Iron F is ſuſpended, taking away the Loadſtone, the 
Weight P is to be kept, and the Aquilibrium muſt be reſtored, 
putting a Weight in the Scale L, that in each Caſe the Balance 
may be equally loaded, and the ſame Quantity of Matter be put in- 
to motion. 

Let a Man fitting in a Boat draw with a Rope another Boat 
equal and equally laden; both Boats will move equally, and meet 
in the middle of their firſt Diſtance: If one Boat be bigger than 
the other, or more heavily laden, the Celerities will be different 
according to the different Quantity of Matter in the Boats. 

When the Boats are come together, their Reſt ſhews that their 
Motion was equal; for altho' they preſs each other, and they can 
eaſily yield, neither of them removes the oppoſite one from its 
Place. 

If before the Congreſs, an Obſtacle be interpos'd, which hinders 
the Concourſe not the mutual Action, that is at reſt with the 
Bodies, though it be retain'd by no Force; and it is manifeſt, that 
the Obſtacle is equally preſſed on each fide as the Bodies tend to 
one another, 


C1 A ÞP. AVAIL 
Of the Acceleration and Retardation of heavy Bodies. 


DEFINITION I. 


AN accelerated Motion is that, whoſe Celerity becomes greater 
every Moment. 


367. 


368. 
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DEFINITION 2, 
369. 4 eee is that whoſe Celerity is diminiſſ- d every Minen 


| | he Force of Gravity acts conłinually in all Bodies according to 

® 159. their Quantity of Matter *, and whatever they are, they arc 

mo in the ſame manner by Gravity. When a Body falls freely 

the Impreſſion of the firſt Moment, is not deſtroy'd in the ſecond 

Moment; therefore the Impreſſion of the ſecond Moment is ſuper- 

added to it, and ſo of the reſt: the Motion therefore of Body fall. 

ing freely is accelerated, and it is plain from Phænomena, that Mo- 

tion is accelerated equally in equal Times. For the Conſequences 

which we ſhall hereafter deduce from this Principle, that the Ac- 

celeration is equable, would not be true, if there was no ſuch Prin- 

ciple. But that they agree with Experiments, ſhall be ſhewn in 
the next Chapter. 

371. From this Principle we conclude, that Gravity acts in the ſame 
manner in a Body in motion as in_a Body at reſt, as it communi- 
cates equal Celerities to a Body in equsl Moments. 

372. The Celerity therefore acquir'd in falling, is as the Time in which 

De Bea falls, The Velocity, for Example, acquir'd in a certain 
Time, will be double, if the Time is double; triple, if the Time is 

5 tri le, Sc, 1 
373. 1 the Time be exprefs'd by the Line A B, and let the Begin- 
Platc AV. Hing of the Time be A. In the Triangle ABE, the Lines 1 f, 2g, 
Fig. 2. Bo == which are parallel to the Baſe, are drawn through the 
"Fo '$ 2, 3, and are to one another as their Diſtance from A, 

1 


oF 6 A2, Az; that is, as the Times, which are mark'd by thoſe 

9 5 14. des; and denote the Velocities of a Body falling freely 

3 Alte thoſe Times *. If inſtead of mathematical Lines, others are 

made uſe of having a very ſmall Breadth, equal in every one, their 

11 El. VI. rtfon is nat chang'd by that means , and theſe very little 
* 119. 
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faces, anſwering to thoſe ſmall Times: therefore that Area expreſſes 
the Space run through in the Time AB. After the ſame manner, 
the Area of the Triangle A 1, repreſents the Space gone through 
in the Time A 1; thoſe Triangles are ſimilar, and their Areas are 
as the Squares of the Sides AB, AI “*; that is, be Spaces gone ® 19 Fl. YI, 
through from the Beginning of the Fall, are to one another, as the 374. 
Squares of the Times, during which the Body fell ; or as the Squares 
of the Velhcities acquir'd in falling. 

The Time AB being divided into equal Parts, A 1, I. 2, 2. 
2, 3. B; let Lines parallel to the Baſe be drawn through the Di- 
viſions ; the Spaces gone thro in thoſe Parts, that is, in the firſt, 375. 
ſecond, third, &c. Moment, ſuppoſing the Moments equal, are to one 
another as the Areas Arf, 1fg2, 2gh3, 3% EB; which 
Areas, as appears by a Sight of the Figure, are as the odd Num- 
bers 1. 3. 5. 7. 9, &c. | 

If a Body, after it has fallen during the Time A B, be no longer 
accelerated, but continues uniformly in motion with the Celerity 
BE acquir'd by that Fall, during the Time BC, equal to the Time 
of the Fall, the Space gone through by that Motion is denoted by 
the Area BEDC, double the Area of the Triangle ABE *; and * 4: El. I. 
therefore, 

A Body falling freely from any Height, will be able to go thraugh 376. 
a Space double that Height, with the Velocity that it has acquir'd in 
falling, in a Time equal to the Time of the Fall with an equable 
Motion. 

The Motion of a Body thrown upwards, is retarded in the ſame 
manner, as the Motion of a falling Body is accelerated, as follows 
from Law 2 *; in this caſe the Force of Gravity conſpires with the * 357. 
acquir'd Motion; and in that it acts contrarily. | 

But as the Force of Gravity in every equal Moment communi- 377. 
cates to the Body equal Celerities “; the Celerity of a Body thrown * 350. 
upwards is equally diminiſbed or retarded in equal Times. 

This fame Force of Gravity generates a Motion in a falling Body, 
and deſtroys it in a riſing Body, and always acts in the ſame man- 
ner upon a Body in motion as it does upon a Body at reſt *. 371. 
Therefore the ſame Celerities are generated and deſtroy'd in the 
lame Times. A Body thrown up riſes till it has loſt all its Motion; 378. 
t aſcends therefore during the Time that a Body in falling can acquire 
the Velocity with which it is thrown up. of 8 

If BA repreſents the Time, in which a Body aſcend;, and BE 379. 
the Celerity with which it is thrown up; the Aſcent ceaſes, when 

| M2 | the 


©. 150: 
F 371. 


# 370. 


383. 
384. 
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the Celerity of the Body is nothing; therefore the Lines parallel to th 
Baſe in the Triangle ABE repreſent the Celerities in the ne 
of Time to which they anſwer *, and the Area of the Triangle de. 
notes the Space gone through in the Aſcent, as may be deduced from, 
the Demonſtration given about falling Bodies +, For fince B is the 
Velocity, that a Body may acquire in falling through the Time 
AB *, that Triangle ABE is the ſame which repreſents the Space 
gone through by falling, whilſt the Body in falling acquires that 
very Celerity BE F. 

Whence it follows, that 2 Body thrown upwards riſes to the ſame 
Height, from which falling it may acquire the Velocity with which it 
1s thrown up. 

And the Heights, to which Bodies, projefied with different Vol 
_— can aſcend, are to one another as the Squares of thoſe Ve. 
ocaties *. 


C H AP. XIX. 
Of the Deſcent of heavy Bodies upon an inclin'd Plane. 


HE Force, with which a Body endeavours to deſcend upon 

an inclin'd Plane, ariſes from Gravity, and is of the ſame 
Nature as Gravity, or rather 1s Gravity itſelf diminiſh'd, becauſe a 
Body is partly ſupported by the Plane ; therefore that Force, every 
Moment, and in every Part of the Plane, is equal “, and acts upon 
a Body in motion in the ſame manner as upon a Body at reſt . 
For the fame Cauſe the Motion of a Body deſcending freely upon an 
mnclin'd Plane, is of the fame nature as the Motion of a Body falling 
freely; and what has been ſaid of the latter, may alſo be affirm'd 
of the former. It is therefore a Motion equably accelerated in equal 
Times *; and the Propoſitions of Numb. 372, 374, 375, 370, 377» 
378, 380, and 381, if, inſtead of a direct Aſcent and Deſcent, we 
ſuppoſe the Motion to be upon an inclin'd Plane, will alſo take 


place here. | 
The Celerities, by which #400 Bodies deſcend, of which one falls 


reely, and the other goes down upon an inclin'd Plane, if they begin 


* 370, 382, 70 fall at the ſame Time, have the ſame Ratio to one another every 


Moment that they had at the Beginning of the Fall &; therefore they 


+ 341, 133, vun thro Spaces in the ſame Time, which are in 4 Ratio of the 


Length of the Plane to its Height +. And in that very Ratio are 
the Velocities acquir'd in deſcending through thoſe Spaces. - 
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In the Plane AB tbe Space run thro' by a Body, whilſt another 48 F- 
falls freely along the Height of the Plane AC, is determin'd by draw- Plac XV. 
ing AB perpendicular t GC; for then the Length of the Plane AB, g* Fl. VI. 
i; to its Height AC, as AC to AG, | 
If a Circle be deſcrib'd AC being the Diameter, the Point G will 386. 
de in the Periphery of the Circle; becauſe an Angle in a Semi- 
circle, as AG C, is always a right one . Therefore a Point as G, 3 El. III. 
for a Plane any way inclin'd, is always in that ſame Periphery : 
Whence it follows, that all the Chords, as AG, are to one another 
as the Forces by which the Bodies endeavour to deſcend upon 
them T; and that they are run thro' by Bodies let down, in the f 344. 385. 
Time in which a Body falling, can go thro' the Diameter AC *; . 384. 
wherefore the Times of the falling down along theſe Chords are 
equal, The Velocities alſo at the Ends of the Deſcents are as the 
Chords. b | | 5 

To every Chord as A G, drawn thro' A, another Line may be drawn 
parallel thro' C, which will be equal to it and equally inclin'd; 
therefore in a Semicircle, as AH C, the Forces with which Bodies 387. 
endeavour to deſcend along Chords terminated in a Point at bottom, | 
as alſo the Velbcities, acquir'd in falling along them, are to one ano- 
ther as theſe Chords; and when a Body is left to itſelf, it will come 388. 
in the ſame Time to the loweſt Point of the Semicircle, whether it 
falls freely along the Diameter, or deſcends along any Chord as 
He. 


The Time of the running down, along the whole Plane A B, may 389. 
be compar'd with the Time of the Deſcent along the Height of the 
Plane AC: for that Time is equal to the Time of the running 
down along AG; and the Square of the Times are to one another as 
AB to AG*: but AB is to AC, as AC to AG +; therefore the * 374, 383. 
Squares of the Lines AB and AC, are alſo to one another, as AB Þ 385. 
to AG *; and therefore thoſe Lines AB and AC are to one ano- 20 El. VI. 
ther, as the times of the Deſcents along A B and AC, or AC; that 
is, the Times in that Caſe are as the Spaces run thro', A 
In the ſame Caſe the Velocities at the End of the Deſcent are equal; 390. 
for after equal Times, when Bodies are at G and C, the Velocities 
are in the ſame Ratio as in the Beginning of the Fall; that is, as 
ACto AB*, When the Body deſcends from G to B, the Velo- * 384, 385. 
city increaſes as the Time + ; and the Velocity at G, is to the Ve- + 382. 
locity at B, as AC to AB *. Therefore the Velocities at B and C. ;89. 
have the ſame Ratio to the Velocity at G, and are equal F  +9ELv. 


If 
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391. If ſeveral Bodies deſcend along right Lines, drawn from A and 
terminated at the horizontal Line CB, the Velocities of all tho# 
* 390. Bodies at the End of the Deſcent, will be equal &; and the Times 
of the Deſcent as the Spaces run thro' : but if the Lines were 8. 
minated in the Periphery of the Circle, the Times would g 
389 and the Velocities as the Spaces run thro' Kk. 
392. Again, let ſeveral Bodies be given, which deſcend along diffe- 
rent Planes, and go through equal Spaces, as AC, AF; it is re- 
quir'd to find their Velocitics at C and F. The Square of the Ve- 
* 387, 388. locity at F, is to the Square of the Velocity at Bor C &, as AE 
> rh AC, of AB; namely, as the Height of the Plane to its Length, 
that is, the Squares of the Velocities, are as the Forces by which the 
* 341. Se re RAS ²˙ 5 ˙⁰»ꝛm 
393. We have ſhewn that a Body acquires the ſame Velocity, in fallin g 
From a certain Height, whether it. falls directiy or comes down along 
* 290, an inclin'd Plane *. But a Body may alſo run down along ſeveral 
Planes differently inclin d, and even along a Curve (which may be 
conſider'd as made up of an infinite Number of Planes differently in- 
clin'd), and the Celerity will be the fame when the Height is equal. 
For it is of no conſequence whether the Body deſcends along AB 
Plate v. ox EB, the Celerity will be the ſame at B+, and the Body will 
Fig 4 move in the ſame manner along BC; therefore it will have at C the 
399. Velocity which it might have acquir'd in coming down along EC, 
and at D the fame Velocity that it would have had in deſcending 
along FD, or falling along GD. 

394. But we muſt obſerve, that the paſſing from one Plane to another 
Plate Vo muſt be without a Shock, for by it the Velocity of the Body 
* would be diminiſh'd, as will be ſhew'd in its proper Place, there- 

fore the ſeveral Planes muſt be join'd by Curves. 


be equal, 


LEY. Ls A MAcuiNE, 3 
395. To compare the Aſcent of Bodies with" their Deſcent. 


Plate XV. The firſt Part-of this Machine is a Pillar before explain'd *, Q. 
* Fon on. which a leſs Pillar G is fix'd +, with which is join'd the Arm 


+ 163. A*, 'Thro' one of the Holes ? (Plate 4. Fig. g.) mention'd in 


* 173. the Deſcription of the Arm +, (we take that Hole which 1s far- 
+175 theſt remov'd from the Pillar,) we put a Thread, to which 1s 
18 faſten'd a leaden Ball O, The other End of the Thread 1s faſten- 
+ 243. ed to the Pin & , and the Ball O is rais'd or let down by turning : 


of he Pin, . EY 
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To the Pillar C is applied the wooden Ruler DE, as we have al- 
ready explain'd it. SPST IRENE; 

Another Part of this Machine is the Board FH, which ſtands on 
Foot, part of which you ſee at L, and it has a Screw at I. 

The Side B is placed horizontally, by help of the Plumb-Line P, 
and the Screw 1. 

The little Plates , n, are horizontal, and ſo moveable about the 
side BB, as to remain in the fame horizontal Plane; and they are 
faſten d by the Screws s, 5s, with Braſs Plates between. The ſmall 
Braſs Cylinders p and 9 are thruſt into the Holes of the Pillars; and 
as there are ſeveral ſuch Holes, they may be made faſt at different 
Heights. Beſides theſe there are alſo uſed two other Braſs Cylinders / 
and 7, to which the Plates are faſten'd, like the Tails of the Pulleys * ; 243. 
theſe Plates are thruſt into the Groove or Slit of the Ruler DE, that 
the Cylinders may be fix'd in any Place of the Slit, as we have ſaid 
before of the Pulleys . + 243. 


EXPERIMENT 1. 


Remove the Cylinders p, 9, /, r. 

The Thread being extended, the Ball O is rais'd ; the Length of 396. 

the Thread is ſo determin'd, and the Plate n fo fix'd, that the Ball 

may be applied to its lower Surface. The other Plate u is fix'd in 

the ſame manner. | 

The Ball is applied to one Plate and left to itſelf, ſo it deſcends by 

Gravity, and with the Motion it has acquir'd, aſcends to the other 

Plate. 

If the Thread be a little more ſtretch'd, it will ſtrike againſt the 

oppoſite Plate. 

Now put on the Cylinders p and /; by which, according to their 397. 

different Situation, the Way in which the Body deſcends is varied, 

becauſe of the different bending of the Thread; let the Plate be 

hx'd in ſuch a Situation, that the Ball may reach it: If now 

the Globe be let fall from the Plate in the ſame manner as the firſt 

time, it will aſcend to 7 in the ſame manner, and along the ſame 

Curve as it did the firſt time. | | | 

This Experiment confirms what follows from what has been ſaid 398. 

before namely, that a Body with the Celerity, which it has ac- 

qu, d by' falling along any Surface, whether plain or curve, will riſe 

ts the ſame Height along any other ſimilar Sur face“: and that the * 380, 383, 

Time of the Aſcent is equal to the Time of the Deſcent, is alſo ma- 3%: 

10% +, 1 378. 
A 


% 
: 


88 
399. 


400. 


* 
396, 397. 
Plate XV. 
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T 374- 


402. 
Plate XV. 
Fig. 7. 
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A Body with theCelerity which it has acquir'd in falling 
tain Height, can aſtend to the ſame Hei he in r : 
but in this Caſe the Times are not equal. Oy x 


EXPERIMENT 2, 


This Experiment differs from the foregoing in this alone &; that 
now you muſt alſo join the Cylinders q and r to the Machine in 
order to vary alſo the Way of the Aſcent. Now having four Cy- 
linders, and the Plates m and u, as they are ſhewn in the F igure, let 
the Experiment be tried as before, and it will ſucceed in the fm 
manner. 

From what has been demonſtrated in this Chapter *, we deduce 
the Method of confirming by Experiments, what has been before 
demonſtrated of the Velocity of falling Bodies +. 


A MaAcuin * 
By which the Velocities of falling Bodies are compar d. 


This Machine is made of Wood, whoſe Thickneſs AB is 2 
Inches, and Height A D about 9; the Wood is hollow'd in the 
Portion of a Cycloid from the upper Part as far as F, where 
the Curve is terminated in its Vertex; the Wood is continu'd 
from F to G, along the Tangent of the Curve in the Vertex F, 
whoſe Diſtance from G is one Foot. It is requir'd that this Wood 
be very exactly work'd, and has its Surface very ſmooth. The For- 
mation of the Cycloid we explain in the ſecond Scholium of the 
following Chapter. | 

This Wood muſt be encompaſſed by the Wooden Rulers H II, 
HI, II; and the Space contained by them muſt be as it were divi- 
ded into two Channels by the Ruler or Partition mn, which 1s 4 
Inch high. 

In each Channel is mov'd a Braſs Ball of half an Inch Diameter, 
and in each of them there is alſo a ſtopping Piece O: theſe ſtop- 
ping Pieces have a ſide Screw each to fix them in any Place, the 
End of the Screw being arm'd with a ſmall Plate of Braſs that they 
may not damage the Wood. a 

The Machine is ſuſtain'd by three Braſs Screws, two df which 
are ſeen at CC, whoſe Uſe is to place the Surface F G horizontal. 
which is ſhewn by the Plumb Line P. 


The 


Chap. 20. of Natural Philoſophy. 


The Ruler n is divided, from F to G into equal Parts; but 
tom F upwards into unequal Parts; but they ſhew the equal Diſ- 
tances between the Heights. | 

The Property of this Machine is-as follows : 'The Balls being let 
all from any Heights, however unequal, come to F in ec 
Times ; which will eaſily appear, it the Stops O, O, be fix'd at F, 
and the Balls at the ſame time be let fall from unequal Heights. 

Thoſe that want a Geometrical Demonſtration of this Property 
may find it in the next Chapter ; it being ſufficient here to obſerve 
it by the Machine, 


EXPERIMENT z. | 


The Machine being fix d as before, join the Stops, the one to the 403. 1 
fourth Diviſion from F, and the other to the ſixth, Now letting 
fall the Balls at the ſame Moment, from Heights, which are as 
to 9; that is, letting fall that Ball from the leaſt Height, whoſe 
Stop is neareſt to F, and they will come to the Stops exactly 
at the lame Moment. 

The Balls are at the ſame Moment at F, therefore in the ſame 
Time they run thro' Lines, which are as 4 to 6; that is, as 2 to 3, 
in which Ratio are the Velocities of thoſe Balls * the Squares of 119. | 
thoſe Numbers are 4 and q, which are in the Ratio of the Heights, 
from which the Bodies by falling have acquir'd their Velocities ; 
which was to be confirm'd by Experiment. The Stops are to be 
ſo fix d, that the Balls being applied, their Centers may anſwer to 
the Diviſions of the Line FG; and in letting fall the Balls you 
muſt obſerve exactly where their Centers are. 


CGH AP. AY. 
Of the Oſcillation of Pendulums. 


DEFINITION I. 


Heavy Body ſuſpended by a very ſmall Thread, aud moveable 
A with the Thread about a Point to which the Thread is fix'd, is "_ 
call d a Pendulum. 

The Motion of a Pendulum is vibratory, or oſcillatory. 
When the Weight is rais'd, the Thread being extended, it deſcends 


Gravity, and by the Celerity acquir'd riſes to the ſame Height 
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on the oppoſite Side ; then it returns again by Gravity, and con- 
ENTS 001 

Here we ſuppoſe” the Rotation quite free about the Point of 
Suſpenſion, and that there is no Reſiſtance of the Air; which 18 
very {mall in large Pendulums. * 

Let CP be a Pendulum ſuſpended at C; the Body P in its Mo- 
tion deſcribes PB p Part of a Circle; F inſtead of that Motion % 
Body ſhould deſcend along the Chord PB; and again aſcend along 
the Chord Bp, and performs its Vibrations in Chords; the Deſcent 
will be made in the Time, in which a Body falling may run thro' 
the Diameter AB; that is, twice the Length of the Pendulum: 
in an equal Time it will aſcend thro* the Chord B þ *, therefore in 
the Time of one whole Vibration, which is double the Time of the 
Deſcent,” the Body in falling might run thro 4 Diameters + ; that 
is, erght times the Length of the Pendulum. 

And as the Deſcent and Aſcent in any Chord is perform'd in an 
equal Time *, all the Vibrations in Chords, whether great or 
ſmall, are iſochronal; that is, of equal Duration. 

The Durations in ſmall Vibrations, while the Body moves in a Cir- 
cle, have a conſtant Ratio to the Durations of Vibrations in 
Chords ; namely, that which is given between the fourth Part of the 
Periphery of 4 Circle, and its Diameter; of near 11 to 14. 
Therefore he ſmall Vibrations of . the ſame Pendulum, th really 
unequal, are iſochronal as to Senſe. 


EXPERIMENT I. 


Put the Arm A on the Pillar C *, Hang on two Pendulums, 
PE, pe, whoſe Threads go thro' two of the three Holes in the 
Plate GH (Plate IV. Fig. . +) and are faſten'd with Pins, by 
turning of which they may be reduc'd to the ſame Length. 

If theſe Pendulums are let fall at the ſame Time, from the 
Points P and p, they will come at the ſame Time to F and } ; 
and ſo continue their Motion in the Arcs P BF and 5 b f, al- 
ways in the ſame Time. ; 

But we muſt explain this Equality more fully; and ſhew why 
the Vibrations in a Circle have the Ratio above-mention'd to V1- 

Let the Circle P E B roll along the Line A D, till the Point B 
is come ts A on that Line; by that Motion the Point B deſcribes 
BP A the Part ef a Curve: in the ſame manner is — ob 
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portion B D of a like Curve, and the whole Curve A B D is call'd 
a Cycloid, and the Circle FE B the generating Circle. 

Let the Curve be divided into two equal Parts at B, and the ,,, 
Parts BA and BD be fo diſpos'd, that the Points A and D may 
ſoin at C; and the Point B may coincide with the Points A and D 
of the Line AD. Let metalline Plates, or Cheeks, be fo bent 
along the Curvature of thoſe Parts of the Cycloid, that the Thread 
of the Pendulum ſuſpended at C, in its vibratory Motion may apply 
itſelf to thoſe Cheeks on either fide, and put on the ſame Curva- 
ture. Now ſuppoſing the Length of the Pendulum to be CB, 
the Body P in its Vibrations will deſcribe the Cycloid A BD, as we 
(hall demonſtrate in the next Scholium III. fo that the Thread of the 
Length B C be equal to the Curve C A; therefore the whole Curve 
ABD is double the Line CB; and guadruple the Axis F B. 

We demonſtrate in the ſame Scholium, That the Tangent to the 
Curve in a Point, as P, is parallel to the Chord E B, in the Circle 
FBE drawn from the Point E to the loweſt Point B, in which the 
Circle is cut by a Line P E, parallel to the Baſe AD, and paſſing 
thro P; as alſo that the Portion PB of the Curve is equal to double 413. 
the Chord EB. 

Now as in each Point of the Curve the Body deſcends in the 
Direction of a Tangent to the Curve, it follows, that the Body 
in any Point of the Curve, as P, endeavours to deſcend with a 
Force, which is proportional to a correſpondent Curve in the Cir- 
cle, as EB *, which as itſelf is half the Arc of the Curve, inter- 412. 387 
cepted between that Point P, and the loweſt Point of the Curve , + 413: 
follows the ſame Ratio with that Arc ||. [| 15 El. V. 
 Whence it appears, that if two Pendulums, as CP, are let fall 
in the ſame Moment from different Heights, the Celerities, with 
which they begin to fall, are to one another, as the Spaces which 
are to be run thro', before they come to B: if therefore they were 
agitated by theſe Celerities alone, with a Motion not accelerated, | 
they would come to B at the ſame Time *. In the ſame manner, 119. 
by the Velocitics acquir'd the ſecond Moment, they come alſo to B 
at the ſame Moment ; and the ſame Reaſoning will ſerve for the 
tollowing Moments : therefore the half Vibrations, however un- 
__, as well as the whole Vibrations, are perform'd in equal 

imes. | 
We demonſtrate beſides, in the third Scholium, That the Time 
each Vibration is to the Time of a vertical Fall, along the half 
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Length of the Pendulum, as the Periphery of a Circle ta its Dia. 


meter. 

In a Cycloid the lower Part, as to Senſe, coincides with a ſmall 
Arc of a Circle ; and that is the true Reaſon why in a Circle the 
Time of very ſmall Vibrations, however unequal, is the fame, and 
for that Cauſe, in a Circle alſo, if the Vibration be ſmall, in Du- 
ration is to the Time of its Fall thro' the half Length of the Pen- 
dulum, as the ſaid Ratio of the Circumference of a Circle to its 
Diameter *. But the Time of the Fall thro' the half Length of the 
Pendulum, is the fourth Part of the Time of the Fall thro' eight 
times the Length of the Pendulum ; which Time is equal to the 
Duration of the Vibration along the Chords ||. Therefore the Du- 
ration of a Vibration along an Arc, is to the Duration of a Vibra- 
tion along Chords, as the Periphery of a Circle to four Diameters, 
as we have already ſhewn *; that is, nearly as M to . And the 
Pendulum will perform its Vibrations faſter along the Arcs, than 
along the Chords. 

The Durations of Vibrations of unequal Pendulums are compar'd. 
When the Arcs are ſimilar, the Deviations in reſpect of the Chords 
are alſo fimilar, and the Times of the Vibrations thro? the Arcs are 
as the Times of the Vibrations along the Chords ; but theſe are the 
Times of the Deſcents thro' Lengths that are eight times that of 
the Pendulums *, tbe Squares of whoſe Durations are as thoſe oc- 
tuple Lengths +, or as the Lengths of the Pendulums themſelves ||. 


EXPERIMENT 2. 


Two Pendulums E P, ep, whoſe Lengths are as ꝙ to 4, are let 
fall at the ſame time from the Points P, p, fo as they may deſcribe 
ſimilar Arcs in their Vibrations; the longer Pendulum makes two 
Vibrations, while the ſhorter makes three, as may be obſerv'd by 


their Concourſe. The Squares of the Durations of the Vibrations 


are as ꝙ to 4; namely, as the Lengths of the Pendulums. 
When the Vibrations are ſmall, this Ratio does alſo take place, 
altho' the Pendulums do not move in fimilar Arcs *, 


Concerning all that has deen ſaid hitherto of Pendulums, We b 


muſt obferve, that it does not fignify how much a Body woeighs th, 
you make a Pendulum of, or whetber the Bodies of different Penau- 
lumsbe of unequal Weight or not, or form'd of different Matter. Be- 
cauſe ſince the Force of Gravity is proportionable to the Quantity 


of Matter in all Bodies *, all Bodies in the ſame Circumitances are 


mov'd 
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mov'd equally ſwift by Gravity; which is alſo confirm'd by the fol- 
jowing Experiment. 1 


EXPERIMENT Z. 


Take two equal or unequal Balls, the one of Lead, and the other 422 
of Ivory, hang them up by Threads, that they may make Pen- 
dulums of equal Lengths; let them vibrate, and their equal Vi- 
brations (and all their unequal ones, provided they be ſmall Vi- 
brations) are perform'd in the ſame Time. 
Oftentimes inſtead of a Thread, a ſmall, but ſtiff Iron-Rod is 423. 
made uſe of, and ſometimes alſo two or more Weights are fix'd 


to it, 


DEFINITION 2, 


Such a Rod ſuſpended, and moveable about a Point, is calld a 424. 
compound Pendulum ; as C Q P. Plate x VI. 
In this Caſe the Rules above-mention'd are not applicable; but FS. 
thoſe Pendulums are reduc'd to fimple ones, by determining in 
them ſuch a Point, that, if all the Weights were united in it, the 
Vibrations would be of the ſame Duration as thoſe of the compound 
Pendulum, 


DEFINITION 3 


This Point is call d the Center of Oſcillation ; as O. | 426: 
In Scholium IV. I have explain'd the Method of determining it. 5: 
A Body of any Figure may be ſuſpended, and vibrate about a 4 26, 
Point, or rather an Axis: and in ſuch a Body one may alſo deter- 
mine the Center of Oſcillation. 

When a right Line, ſuch as is an iron Wire, vibrates about one 427 
End, the Center of Oſcillation is diſtant from the Point of Suſpenſion ; 
two third Parts of the Length of the Wire: as I demonſtrate in 
the ſame Scholium. 


EXPERIMENT 4. 


The braſs Cylinder AB, two Foot and an half long, is ſuſ- 428. 
pended ſo, as to vibrate about its End A; it turns about an Axis Plate XVI. 
at A join'd to it, which is like the Axis of a Balance, that there Fig. 5. 
may be the leſs Friction. It is ſuſpended by help of the Plate ML, 
(Plate IV. Fig. g.) which how it is done, the Holes in the pa- 
ralle] Plates, join'd to the greater Plate M L at M, ſufficiently ſhew, 

But the Plate ſhould not be fix d, before the Cylinder is An 3 15, 
at 
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that it may acquire a vertical Poſition, before it is fix'd, b 
Weight of the Cylinder. The ſimple Pendulum ep, two th 
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the Length of AB, is let go at the ſame time with the C 
and the Vibrations of the Pendulum, and Cylinder, are ma 
ſame Time. f 

The Vibrations of Pendulums, (as: I ſaid) tho' unequal, are 
made in the ſame Time *; and this Property of Pendulums is of 
great uſe in the Conſtruction of a Clock, to which an equable Mo- 
tion is communicated, by a Pendulum join'd to it. 

Clocks being carry'd into different Places, it appear'd that the 
Force of Gravity is not equal every where, from hence, becauſe 
the Durations of the Vibrations of the ſame Pendulum, were found 
unequal, in different Countries; and this Difference of Gravity is 
meaſur'd by Pendulums. " 

Let there be two Pendulums, CP, cp, whoſe Lengths are to ene 
another, as the Forces of Gravity by which they are mod; if 
they run out into ſimilar Arcs, in correſponding Points the Gravi- 
ties will always have the ſame Ratio to one another, upon account 
of the equal Inclinations, and this will be the Ratio of the Arcs to 
be run thro', (becauſe ſimilar Arcs are as the Lengths of the Pen- 
dulums) which therefore will be run thro' in equal Times “; that 
is, the Vibrations will be perform'd in the ſame Time. 

If they be reduc'd to the ſame Length by changing the Pendu- 
lum cy into cq, equal to CP; the Square of the Time of the Vi- 
bration of the Pendulum c is to the Square of the Time of the Vi- 


bration of the Pendulum c p, or CP, as the Length c 9, or CP, is to 


cp *; that is, as the Gravity, which acts upon the Pendulum CP, 
is to the Gravity, which moves the Pendulum c 9g. Therefore, he 
Times of the Vibrations of equal Pendulums are, in a ſubduplicate, 
:nverſe Ratio, of the Gravities acting upon the Pendulums, | 

And in general, the Squares of the Times of the Vibrations 
Pendulums are directly, as the Lengths of the Pendulums *, and iu 
verſely as the Gravities whereby they are mov'd . 

The Gravities themſelues are directly, as the Lengths of the Peu 
dulums *, and inverſely as the Squares of the Times of the Vibra- 


tons . 


Many Phenomena of Nature depend upon Motions analogous 0 
the Motions of Pendulums, and what is demonſtrated of Pendulums 


is of ſervice to explain them, and this is the chief Uſe of the laſt 


Propoſitions. 
2  Pendulums 
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Pendulums are alfo of peculiar Uſe in the Experiments, which 436, 
are made of Bodies in motion, and the Action of innate Forces; 

but in theſe Caſes the Velocities of Pendulums are to be compar'd, 

and we may conſider them two ways, 


DEFINITION 4. 


We call that the Velocity of a Pendulum, by which the ſuſpended 437. 
Body is mov d with, when it comes to the loweſt Part of the Arc which 
runs thro. | | | | 
| As for the compound Pendulum, inſtead of the ſuſpended Body, 
the Center of Oſcillation muſt be conſider'd. 


DEFINITION 5 

The angular Velocity of a Pendulum is that, whereby it is turn'd 438. 
about the Point of Suſpenſion, when it comes to a vertical Poſition. 
I muſt now ſpeak of theſe two Velocities. 

Let there be two Pendulums CP, c, which make their Vi- 439. 
brations in the Arcs PF, pf; with the Centers C, c, and the Plate XVI. 
fame Radius, let the Arcs LO, Jo, be deſcrib'd ; and let there be F © 
infinitely ſmall Parts BD, 4d, in the loweſt Places of the Arcs 
PF, pf, run thro' in the ſame Time. The Velocities of the 
Pendulums are as B D, 45d; and their angular Velocities as MN, 
un that is, as the Angles BCD, bcd. | 


| DEFINITION 6. 

We call that the Angle of Pendulum, which the Pendulum de- 440. 
ſcribes, in deſcending or aſcending. 

The Velocities of a Pendulum, in unequal Vibrations, are to one 441. 
_ as the Subtenſes of the Arcs, which the Body deſcribes in de- 
( ms R ; 
The Velocity, in the Deſcent along the Arc DB, is to the Ve- Plate XVI. 
ſocity, in the Deſcent along PDB, as the Chord DB. is to the * 
Chord P B ®, | * 387. 303. 

In ſmall Vibrations, the Arcs are (as to Senſe) as the Chords; 442. 
wherefore the Velocities are as the Arcs, or as the Angles of the 
Pendulums X. | * 440. 

In theſe the Arc, or Angle, is ſmall, not exceeding 15 Degrees; 
ior this Arc is to its Subtenſe, as 3 50 to 349. 

In different Pendulums, if the Arcs are ſimilar, or the Angles are 443. 
equal, Bodies deſcend thro” Spaces, which are as the Lengths of the 
Pendulums, in which ſame Ratio are the Squares of the Velocities *. * 374. 393. 
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If the Pendulums are equal, and their Angles equal, but Gra; 
different, the Forces, acting upon the Bodies in nat 3 
Points, are as the Gravities; and, in the Beginning of the Deſcem 

5 | ire V. ehcities 
whoſe Squares are as the Forces preſſing *; that is, as the Grant. 
ties: the Accelerations acquir'd in running thro' the followins {mall 
and equal Spaces follow the fame Law, which, as it obtains every 
where in correſponding Points, upon account of the Forces bein 
in a conſtant Ratio, and the ſmall and equal Spaces, the whole 
Veloeities follow this Ratio alſo. 

By joining together the three laſt Propoſitions we have this uni. 
verſal Rule; viz, In ſmaller Vibrations the Square of the Velcit 7 5 
a Pendulum is in a Ratio compounded of the Ratio of the Square of the 
Angle , the Ratio of the Length +, and the Ratio of the Gravity 
atting upon the Pendulum ||. | 

It is manifeſt, that the angular Yehcity, if the Pendulums are 
equal, follows the Ratio of the Velocity (itſelf Let BD be a very 
ſmall Arc run thro in a determin'd Time; this is as the Velocity of 
the Pendulum *, and is the Meaſure of the Angle BCD; if the 
Velocity is kept, that is, if B D remains, and the Length of the Pen- 
dulum is chang'd, the Angle BCD is diminiſh'd, which deter- 
mines the angular Velocity, as the Length of the Pendulum is in- 
creas'd, and this Angle follows the inverſe Ratio of the Length. 

Therefore we ſhall have the Ratio of the Square of the angular 
Velocity, if we join the inverſe Ratio of the Square of the Length 


with the three Ratio's above-mention'd &; but by joining the in- 


verſe Ratio of the Square of the Length, with its dire& Ratio, 
which is the mean Ratio of. thoſe three, we have the inverſe Ra- 
tio of the Length; and the Ratio, which the angular Vehcity itſelf 


follows, is made up of the Ratio of the Angle, and the ſubduplicate 


Ratio of the Gravity, and the inverſe, ſubduplicate Ratio of tbe 
Length of the Pendulum. | | 
The Velocity of a Point in the Pendulum is as the angular Velocity, 


and as the Diſtance of the Point from the Center of Suſpenſion ; that 


is, this laſt Ratio muſt be added to the three Ratio's lately men- 


tion'd *. : 

4 the Angles are equal, or the Arcs, deſerib'd in the Deſcent, fi- 
milar, the Squares of the Velocities are as the Lengths “, and the 
Gravities +. Therefore, if theſe Velbcities are equal, the Products 
of the Lengths by the Gravities are equal; and by how much that 


is ſmaller, by fo much this is greater ; that 1s, the Lengths wr 
| Y 


* 
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verſely as the Gravities; and the direct Ratio of the Lengths may 
be taken, inſtead of the inverſe Ratio of the Gravities: which if we 
ubſtitute in Ne 4.33, we diſcover in the Caſe which we examine, 
that the Times of the Vibrations are as the Lengths, which, by rea- 
{on of the ſimilar Arcs, are as the Spaces run thro', in the Deſcent, 
or Aſcent, : 

We reaſon in a like manner, with reſpect to the ſame Gravity; 450. 
then the Squares of the angular Velocities, are as the Squares of the 
Angles directly, and as the Lengths inverſely *. Therefore, theſe * 448. 
angular Velocities being put equal, the Squares of the Angles are in 
an inverſe Ratio of the inverſe Ratio of the Lengths, that is, as the 
Lengths. 

lt plainly appears, in the compound Pendulum, that the Diſtance 451. 
between the Centers of Suſpenſion and Oſcillation, determines the 
Length of the Pendulum. 

Where I ſpeak of the Motion of the Pendulum I obſerve, that a 452. 
Body deſcends ſwifter from one Point to another in an Arc than 
in a right Line . To this I will add, that a Body can deſcend * 417. 
ſwifter than in an Arc of a Circle; and in the 5th Scholium fol- 
lowing I will demonſtrate 

That the Line of ſwifteſt Deſcent, from one Point to another, more 4.53. 

 depreſs'd, and not plac'd in the ſame vertical with the firſt Point, is 

an inverted, vertical Cycloid, whoſe lower Point coincides with the 


upper Paint, and which paſſes through the lower Point. 


A Macuine, 


hereby the Deſcent along a Cycloid, is compar'd with the Deęſcent 
along a right Line, 


The Board AB, whoſe Thickneſs is three Quarters of an Inch, 54. 
is made hollow in the ſhape of a Cycloid, and is ſo plac'd upon Plate XVII. 
its Stand that the Plane of it may be vertical, and the Cycloid invert- bis. 3. 
ed, its Baſe being put parallel to the Horizon. By help of the three 
«crews paſſing through the Feet E, E, and F, the Machine is put 
5 the Poſition above mention'd, which the Plumb-Line P 

1ews, 

The Rulers cc, d d, are applied to the Sides of the Board AB, 
whereby a Channel is made, in which a Braſs Ball, of half an Inch 
Diameter, may be inov'd, by running along the Cycloid. 

The long Piece G H is join'd to the Machine, which Piece is an 
Inch thick ; this is made hollow, and has a Channel of the ſame 

vo. I. 0 Breadth 
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Breadth with the Channel 4e, that a Ball may be mov'd aig, 
in it. This Piece may be inclin'd as you pleaſe, becauſe it turn: 
upon the Screw i, which paſſes through the Piece and the Board 
A, and by means of this Screw, whoſe Head 7 is pretty broad, this 
Pi: ce is applied to the Board, the Point O ſupporting the Piece. The 
Situation of this Point may be varied, by reaſon of the different 
x , , r, &c. by which the Inclination of the Ruler is deter. 
min'd. | N 
The Machine is to be placed towards the Edge of a Table, that 
the Motion of the Ruler mayn't be hinder'd, when its Inclination 
is diminiſh'd. That the Machine may be ſo diſpos'd, the Foot F 
is applied to it at right Angles in the Midway between E, E, on the 
oppolite Side to that to which the Piece G H is applied. This 
Foot F is made heavier by the Addition of Lead ; or, when the 
Machine is to be fix'd, a Weight is put upon the Foot. 

It 1s requiſite that both of the Channels be made pretty ſmooth, 
that the Deſcent of the Balls may not be hinder'd; in one alſo 
there is a Stop as and u, fix'd at pleaſure. 


EXPARIMENT: 6: 

Let the Ruler GH. be inclin'd at pleaſure ;. the Stops , and u, 
are to be fix'd in ſuch manner, that the Balls, if they be applied 
to them, may anſwer to each other. Now if, when the Balls are 
placed at s and 7, to anſwer to one another, they are let go at the 
fame time, the Ball that runs along the Cycloid, will come to the 
Stop firſt, which is diſcover'd by the Stroke ; and this may be per- 
ceived by the Eye alſo in a greater Inclination. In the Inclination 
exhibited in the Figure, the Blow is heard at n, before the other 
Hall paſſes through a Quarter of the Length s 7. 


SCHOLIUM LE 


herein ſome Properties of the Cycloid mention'd in thts Chapter are 
| | demonſtrated. 


H E Formation above mention'd of the Cycloid being laid down 7 
let B EF be ths generating Circle. Let us ſuppoſe it to have con 
to the Point G of the Baſe ;. the Point F will be at f, the Arch Gf beirg 
laid down equal to the Line G F; the Point deſcribing will be at 4, anc 


this will be a: Point of the Cycloid. 


Let 


— 
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I et the Diameter G c H be drawn thre? the Point of Contact, this will be 


erpendicular to the Baſe *, and parallel to the Diameter BF, L being 1s Hl. III. 


ow drawn thro' the Point & of the Cycloid, parallel to the Baſe, cutting 
che Circle FEB at E, and the Line GH at]; it is manifeſt, becauſe of 
the equal Lines GI and FL“, that in the equal Circles 5 J. EL, are * 34 El. I. 


equal T; IE being added to each & E, IL, will be equal, to which GF is 1 1. 14 El. 
equal 7 * 34 El. I. 


It alſo. plainly appears, that the Arches Gf, 5 I, EB, are equal to one 457. 
another and to the Line GF; and therefore to the Line 5 EE. 
From which I deduce this Property of the Curve; J, from any Point of 
a Cycloid, there be drawn a Line parallel ta the Baſe, which cuts a Semicircle 
deſerib*d upon the Axis towards the Curve, ſuch as is the Line & E L here, 
a Portion of it, intercepted between the Cycloid and Semicircle, will be equal 
to an Arch of the Semicircle intercepted between the ſaid Line and the Vertex: 
that is, J E is equal to the Arch E B. 
Let there be a Semi- cycloid A D B, the Vertex B, the Baſe AF, the 438. 


Axis BF, which is the Diameter of the Semicircle FMB. Plate XVII. 


Any infinitely ſmall Portion D 4 of the Cycloid being taken, this may Fig 5. 
be look*d upon as a right Line; and continued will form a Tangent in 
the Point Dor d. Let DL, di, be drawn parallel to the Baſe cutting 
the Semicircle at E, ez and BE and Be, being drawn, let this laſt be con- 
tinued till it cuts the Line DL at g; let BO be allo parallel to the Baſle, 
and a. Tangent to the Circle at B, and which is cut at O by the Line e O, 
which is a Continuation of the Line E e. 
The Triangles YE e and eOB are ſimilar, by reaſon of the Parallels 


30 and HE. But the Sides EO and OB are equal *; therefore e E, YE, * 36 Fl. III. 


are alſo equal; e E is the Difference of the Arches Be, BE, or the Lines 
de, DE; which Difference therefore is alſo h E, wherefore the Parallels t 457 


Dh, de are equal; therefore the Parallels D d, h e are alſo equal *, that is, * 33 El. I. 


the Tangent in dis parallel to the Chord e B, which Property of the Cycloid 
have mention'd above in No. 412. 
The ſame Things being given, let F E i be drawn; this will be perpen- 459. 


dicular to BE or Bh, by reaſon of the infinitely ſmall Angle e BE“, and * 31 El. III 


will divide the Baſe of the Iſoſceles Triangle h Ee into two equal Parts in 
ſuch manner, that ei will be half of eh or d D. But ei is the Difference be- 
tween the Chords BE, Be; for if a Circle be deſcrib'd with the Center B. 
and Radius BE, it will co-incide with Ei, which is infinitely ſmall ; and 
Dd is the Difference of the Arches DB, dB of the Cycloid. 

Now let us conceive a Line to be mov'd parallel to the Baſe of the Cy- 
cloid AF from B to F, and another Line in the mean time to be ſo turn'd 
about B, that it may continually paſs through the Interſection of the fart 
with the Semicircle. When the firſt, for Example, comes to d F, the 
ſccond will be at Be; the firſt being carry*d to DIL, the ſecond is mov'd 
02s to be at BE. In this Motion they have a common Beginning, and 
the Arch DB of the Cycloid, and the Chord E B are continually increas'd; | 
but the Increaſe of the former is always double that of the latter, wherefore . 
- O 2 the 
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the whole Arc alſo, which is the Sum of all the Increaſes, will be double th 
whole Chord, which alſo is equal to the Sum of its Increaſes, Therefore 
have the Demonſtration of the Propoſition. mention'd in Ne. 412. oy 

It remains that we demonſtrate, what was ſaid of the Evolution of the 
Cycloid in N?, 410. 

Let there be given again the ſame Cycloid A DB, whoſe Baſe is AF. 
Axis FB, Semicircle FEB. Let BF be produc'd to C fo, that BF ang. 
FC may be equal; and the Parallelogram Af CF being form'd, let there 
be a Semicircle A mf, equal to the Semicircle FEB; and a Semi- cycloid 
Ag C, having Af for its Axis, and which. is equal to the Semi-cycloid 
ADB. Let us alfo ſuppoſe a Thread fix'd at C, and applied to the Cy- 
cloid CA, to be unfolded. 

Let us ſuppoſe the Thread to be in ſuch a Situation, as to agree with the 
Cycloid only from C to , and to be extended along the Tangent to the 
Curve at : if the Line qR is equal to the Arch g A, to which the Thread, 
which is now ſtretch'd, has applied, R will be the End of the Thread. 

Let 4 be drawn parallel to the Baſe, cutting the Semicircle A mf at mn, 
from which Point let the Line A be drawn to A, m A andgN are pa- 
rallel * and equal ; but A, and therefore qR is double m A, or N= 
therefore Ng, NR are equal; therefore if RP be given parallel to AF 
and pg thro' R, pF and A p will be equal; therefore the Arches FM. 
Am will be alſo equal; as the Angles MFA, m AF alſo*; and FM 
is parallel-to Amn +, and-Rq; whence it follows, that FMRN us a Pa- 
rallelogram, and FN, RM are equal; and 2, AN, in the Parallelo- 
gram N N q are alſo equal. 

The Line 4, or A N, is equal to the Arch Am, or to the Arc FM, 
AF is equa] to the Semicircle FM B+}; therefore N F, or R M, is equa! 
to the Arch ME B, and the Point R, that is, the End of the Thread, 1s 
given in the Cycloid A DB-*, which this End of the Thread will run thro 
whilit the whole Thread is unfolding, | 


SCHOLIUM IL 
Of the Deſcription of the Cycloid. 


H E. Generation of the Cycloid ſufficiently ſhews, that it may be 
deſcrib'd mechanically, But it is better to delineate it by Points, 
Wich may be done to a very great Exactneſs. 

Let BF be the Axis of the Curve; B the Vertex; F A the Baſle per 
pendicular to the Axis, Let the Axis be divided into two hundred equal 
Parts, all which Diviſions it is not neceſſary to mark; the Semi-bale F A 
contains 314, 2 of theſe Parts, which Length being given, A 1s deter- 


min'd. After the ſame manner the reſt of the Points are determin'd, by 


belp of the following Table. In the firſt Column of the ſaid Table, the 


Bitances are mark'd ſrom B to F. Thro' the Points mark'd, on on 
ra10ate:* 
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Ordinates to the Axis, parallel to the Baſe, and their Lengths are given | 
u the ſecond Column. | 
n | 
Of the Dimenſions of the Cyclbid. | 
Abſe.  Ordin. Abſe. Ordin. | 
6.—— 68,9. 70 22250. 462, f 
8.— — 79,5. 80. 234,9. i 
10.— — 88,7: 90.246, 5. (| 
12.— — 07,0. 100.— 257, L. 0 
14.— 104, 6. 110. —266, 6. | 
17.— 114,9. 120.— 27542. | 
20,——124,3. 130.— 282.9. [4 

23.— 133,0 140. — — 290, o. 

26. 141, 0 150. — 296, o. 

30.— 130, 9. 160. 301,4. 

35.— 162, 3. 170. 30ò, o. 

40. 172, 7. 180. 30, 8. 

50. 191,3. 190.— 312,77 

60. — 207, 6. 200. 314,2. 


The Points near the Vertex are not ſet down in this Table, becaufe they 463. 
:an't well be mark' d after this manner: but this Portion of the Curve is 
tad, if an Arc of a Circle be deſcrib*d thro? B, whoſe Center is in the Line 
g F continued, and whoſe Radius is double the Axis of the Curve“. If 410. 46s. 
we would continue the Deſcription by Points, the Line BO muſt be 
drawn, parallel to the Baſe ; and in this we ſhould mark thoſe Diſtances 
'rom B, towards O, which are had in the firſt Column of the following 
Fable; and Perpendiculars to B O being rais'd, their Lengths are determin*d 
n the ſecond Column. | 


Second T AB L E, 
Of the Dimensions of the Cycloid. 


Abſc. Ordin, Ab. Ordin. | | 


5. , oo. 33. — 1,53. 404. 
10.— — 0, . 40.— 2,00, | 
15.——0,28. 45. —2, 53. | 
2Q, , 50. 50.— 3,12. | 
25. 0,78. 55. — 3,78. | 
30.— 1,12. 5 60. — 4450. 


his is the Conſtruction of the firſt. Table. The Ordinate is determin'd 465. 
un the Abſciſs given. 
Jet 
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et the Abſciſs be BL, whoſe Length is 60 of: thoſe Parts of which the 
Radius contains an hundred, and B F two hundred: BL is: the vers d dne 
of the Arch B E, which the Table of theſe Sines ſhews to be 66 1 
25% 20%, whole right Sine is 91,65. of the Parts mention'd ; and this is th. 


Length of the Live EL. 


The Length of the Arch E B, to which the Line E 3 is equal * 
by this Proportion; as 180 Degrees, viz. a Semicircle, are to 
25', 20", ſo is 314,2, the Number of Parts in the Semi-circle, 


5 ls had 
66 Degrees, 


to 115, 
the Length E B, or E4; EL being added, which contains 91,65 PR 


have & L containing 207,59 Parts; that is, the laſt Character of the Frac. 
tion 207,6, being neglected, as has been ſet down in the Table. 
The Computation of the ſecond Table depends upon this Foundation. 


that the Points ſought for are given in an Arch of a Circle, whoſe Radius ic 
equal to four hundred *. 


SCHOLIUM III. 
Of Motion in a Cyclbid. 


E T us ſuppoſe a Portion of a Cycloid, or a whole Cycloid, to b. 
extended in the right Line ABD, and that a Body is mov'd in this 
right Line according to the Law of a Pendulum vibrating in a Cycloid; that 
is, that there is given a Preſſure. acting upon the Body, which is in the 


Ratio of the Diſtance of the Body from the middle Point B*, and which 
acts upon the Body in Motion as upon a quieſcent Body ; with the 


Center B, and Radius B A, let the Semicircle AL D be deſcrib'd, which 


repreſents the Time, wherein the Body is mov'd from A to D; the Times 


in which any Portions of the Line AD are deſcrib'd, are determin'd, by 
railing Perpendiculars to it; the Arch HI denotes the Time in which 


F G 1s paſs'd thro', and the Arc A H that in which A F is paſs' d thro: 


But the Celerities in the Points F and G are proportional to the Perpendicu- 
lars FH, Gl. 2 3 | 
Which, that it may be demonſtrated, we muſt ſuppoſe a Body, which 
is mov*'d in the Line A D, in ſuch a manner that in Times, which are as the 
Arches AH, H I, it may run thro' the Portions A F, F G, and fo of the 
reſt: ſo that the whole Time may be repreſented by the Semicircle ALD. 
Let us further ſuppoſe the Semicircle divided into very ſmall and equal Parts, 
denoting very al and equal Parts of Time, ſuch as H 5 and I . 
Therefore, F and g i being alſo put perpendicular to the Line AD, the 
Lines FF and G g are paſs'd thro? in equal Times; which being ſmall, are 
paſs'd thro with an equable Motion, for the Parts of Time may be con- 
ceiv'd ſo ſmall; that the Acceleration, or Retardation, will be ease 
therefore the Celerities, in the Points F and-G, are as F f and Gg, hic 
I demonſtrate to be to one another, as F'H is to G I. | tha 
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The Lines H and I'm being drawn parallel to the Line A D, the Tri- 
angles HB E, H +/ will be ſimilar; for they are rectangular, and the 
Angle FH B is equal to the Angle JH g, both of which have the ſame 
Complement to a right Angle, viz, B“; after the ſame manner the 
Triangles BI G, m II, are demonſtrated to be ſimilar. Therefore F H: 
HB=IB::!H:Hh=1:z; and IB, GI::Iz, I: and by Equality 
FA:GI::/H: A1“. | | 

The Increments of the Celerities, in the very ſmall and equal Moments, 
in the Points Fand G; that is, the Preſſures acting in thoſe Points“, are 
as Jh and i; for the Differences of the Celerities are in the Points F, J, 
and G, g. But, by reaſon of the ſimilar Triangles above-mention'd, 15 
and n i are to one another, as F B is to GB; therefore the Preſſures, act- 
ing upon the Body in the Points F and G, are to one another, as the Di- 
ſtances from the middle Point B. 

What is demonſtrated of the Increments of the Celerities in the Part AB, 
of the Line A D, is demonſtrated after the ſame manner of the Decre- 
ments in the Part BD. Therefore the Body is mov'd according to the 
Law of a Body vibrating in a Cycloid “. 

Let a Body be given running thro? the Semicircle A LD with an equa- 
ble Motion, in the Time of one Vibration in a Cycloid, that 1s, in the 
Time, in which a Body moving in the right Line AD, (as I have ex- 
plain'd it) paſſes thro* it. From what has been ſaid, it appears that H , 
F/, and Iz, Gg, are paſs'd thro* in equal Times; whence it follows, 
ſince the Directions are parallel in L and B, that the Celerities in thefe 
Points are equal. 

Therefore a Body, with the Celerity which a pendulous Body has in B, 
in the Time of one Vibration, deſcribes a Semicircle, whoſe Diameter is an 
Arch of the Cycloid run thro* by the Body. 
lf the Body runs thro? a whole Cycloid, as ABD, the Diameter, which 
is equal to the Arch rum thro*, will be quadruple the Diameter FB“; and 
the Velocity in B will be that, which the Body acquires, by falling from 
the Height FB +; with which Celerity, the Body can run thro a Line 


double FB, with an equable Motion, in the Time of the Fall“, and in = 356. 


the Time of one Vibration, it can run thro' a Semicircle, whoſe Diameter 


s quadruple F B +. But the Spaces paſs*d thro', with equal Velocities, + 469. 


are as the Times || ; therefore the Time of the Fall, thro* half the Length 
of the Pendulum, is to the Time of one Vibration, thro? the whole Cy- 
doid, or any Arch *, as the double of F E, is to the Circumference of the 
faid Semicircle, or to the whole Circumference of the Circle, whoſe Dia- 
meter is alſo double FB; therefore, in general, as the Diameter of the 
Circle to its Circumference; as has been faid in N® 415. 
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SCAHOLIUM IV. 
Of determining the Center of Oſcillation. 


ET CA bea compound Pendulum; the Weights P and Q bet 


the Center of Oſcillation O is given, which has this Property, ſuppoſin;; 
AC to be a ſtiff Rod, without Weight, as the Weight Q, multiplied by B C. 
is to the ple 2 P, multiplied by A C, fo is AO to OO. Which that we 
may demonſtrate, we mult conſider that the Weights Q and A are mov'd 
in Directions parallel to each other, that is, equally inclin'd to the Hori. 
zon; therefore they are continually agitated by the Impreſſions of Gravity, 
which, if the Bodies were not join'd by a ſtiff Rod; would communicate 
equal Celerities to them “. But the Celerities of the Weights join'd are ne- 
ceſſarily unequal, and the Celerity of the Body P, is increas'd by the Action 
of the Weight Q, whilſt this is retarded by the Action of the other; which 
contrary Actions are equal *, In the mean time ſome intermediate Point O, 
namely, the Center of Oſcillation, is mov'd with a Celerity ariſing from tj: 
Action of Gravity. 

Let Bz, Oo, or Aa, (for we put theſe Lines equal) be the Space run 
through from the Action of Gravity acting according to any Inclination in 
any very ſmall time. When the Point O paſſes through this Space, Q is 
mov'd only through BE; and the Power, which acts upon _—_ diminiſh- 
ed by the Quantity, whereby this Body would run through E in the fame 
time, and which is expreſs'd by Q x E. But the Power which acts upon 
P, is increas'd by the Quantity, whereby P is mov'd through 4D in the 
ſame time, and which is expreſs'd by Px a D*; for we ſuppoſe Bb, Oo, 
A a, to be parallel; therefore the Intenſity of the Power which retards the 
Motion of the Body Q, is to the Intenſity of the Power, which accelerates 
the Motion of the Body P, as Q E# is to Px a D: But theſe Powers are 
applied to a Lever, whoſe Fulcrum is C; therefore their Actions, which! 
have demonſtrated to be equal, are as the Intenſities multiplied by the Dil- 
tances from the Fulcrum, that is, CBxEbxQtoCAxaD xP*#. There- 
fore CBxQ is to CAxP, as 4 D is to EB, or AO to OB. LED. 
It alſo appears, that in ſuch a compound Pendulum the Products would 
be equal, if every Weight were multiplied by its Diſtance from the Centers 
of Suſpenſion and Oſcillation. | 

If many Weights were given, and each were multiplied by its Diſtance fro 
the Centers of Suſpenſion and Oſcillation, the Sums of the Produtts on each 
fide of the Center of Oſcillation are equal. This is evinc'd by a like Demor- 
ſtration. „ | 

W hence I deduce a Method of determining the Center of Ofcillation by 
Computation. | 

Let there be any Bodies A, B, C, D, E, whoſe Diſtances from the 2 
ter of Suſpenſion are expreſſed by the Letters 8, 6, c, a, e, reſpectively; te 
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the Diſtance of the Center of Oſcillation from the Center of Suſpenſion be x. 
Let us ſuppoſe a, b, c, ſmaller than x, but d and e greater, 

The Diſtances of the Bodies A, B, C, from the Center of Oſcillation are 
a, x—b, x—c, and the Diſtances of the reſt of the Bodies from the 
{ame Center are d—x, e—x, by multiplying every one of the Bodies by 
their Diſtances from both Centers, we have Aax—AaatBbx— 
BD ＋ Ccx—Ccc=Ddd—Dax+Eee—FEex?®*,whenceI deduce » 

Aaa+Bbb+Ccic+Ddd+Eee 
Y="Aa+Bb +Cc + Dd +Ee? 
which ſoever of theſe Diſtances a, &, c, d, e, exceed x ; wherefore we diſ- 
cover this general Rule: | 

If all the Boaies be multiplied by the Squares of their Diſtances from the 474. 
Center of Suſpenſion, and the Sum of the Producis be divided by the Sum of the 
Products of all the Bodies, multiplied by their Diſtances from the ſame Center 
of Suſpenſion, the Quotient of the Diviſion will give the Diſtance between the 
Centers of Suſpenſion and Oſcillation. 

If, the Pendulum being continued beyond the Center of Suſpenſion, cer- 475. 
tain Bodies be applied above the Points of Suſpenſion, their Diſtances will 
be negative; if, for Example, ſuch Bodies were A and B, inſtead of + 4 
and + 5 the Computation ſhould be made with — a, — , whoſe 
Squares being alſo + @ a and ＋ #5, the Diſtance x in this Caſe will be 
Aaa-HBbb+Cic+Ddd+Eezre 
—Ag—Bd+C.+D6+E. 

In this Determination the Diviſor 1s equal to the Diſtance between the 
Center of Suſpenſion and the Center of Gravity, multiplied by the Sum of 
all the Bodies“; and by thus expreſſing the Diviſor the Rule is more uni- 223. 
verſal, and may be applied to any Body whatſoever. But the Demonſtra- 
tion muſt be alter d, and from this Principle is eaſily deduc*d ; If Bodies 476. 
joiwd together acquire different Velocities by deſcending, whilſt they revolve 
at different Diſtances about the ſame Center, or the ſame Axis, and after- 
waras aſcend ſeparately, with the Velocities acquir d; the common Center of 
Gravity will aſcend to that Height from which it deſcended *. * 212, 300. 

Let there be two Bodies P and Q, moveable about the Point C, with 477. 
which they cohere by means of the Lines BC, A C, which make an Angle, Plate 4 VIII 
that is not alter'd by the Motion of the Bodies. Let D be the common Fig =: 
Center of Gravity, which the Bodies being at reſt, is given in the vertical 
Line, drawn thro* C *, in which ſame Line the Center of Oſcillation O is + 280. 
given, Further, let EF be horizontal, drawn through C, and B E, AF, 
perpendicular to it. 

8 ſuppoſe CA ra, CBB, CD=4, BE Se, AF =, and laſtly, 
=X. 

The Bodies being rais'd, and then left to themſelves, when the Center of 
Gravity returns to D, its Velocity is greateſt, and then it aſcends. The Ve- 
locities of the Points A, B, D and O, are to one another, as 2, b, d and x, 
and at that Moment may be expreſs'd by theſe Letters, 


Vo I. I. Pp If 
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If A and be left to themſelves at that Moment, that they 


ſeparately, they will come to Heights, which will be as aa; þþ * may aſcend 


may be expreſs d by theſe Squares. The Height to which the akin 
Gravity then aſcends 1s — . which * is equal to the Hei 
AIB eq e Height from 


which it deſcends. | 


This Height being given, I determine the Deſcent of the Center of Of. 
cillation; for this is to the Deſcent of the Center of Gravity as x to d, and 


Aaax+Bbbx 3 

— _ B But the Center of Oſcillation is mov'd, 23 
a Body, mov'd by Gravity only *; therefore this is the Height to which 
the Body can aſcend with the Velocity x +; which is alſo equal to x x : for 
we ſuppes'd the Heights, to which the Bodies can aſcend, which are pro- 
portional to the Squares of the Velocities, to be expreſs'd by the Squares 


Aaax+Bbbsx Aa a ＋- B53 
emlelves ; therefore A4 7 * x, or TaEF ES * 


I ſuppoſe d to be given, but if this Diſtance is to be determin'd, 
we diſcover * ＋ E 24d; and a Subſtitution being made, we have 
Aaa+Bbb_ 7 

Af + Be © 

In the Numerator we multiply every Body by the Square of its Diſtance 
from the Center of Suſpenſion ; becauſe, in the Motion of a Pendulum, 
the Velocitics of Bodies are in a Ratio of theſe Diſtances: Thence it follows, 
If Bodies, or Parts of the ſame Body, be turn'd not about the ſame Center, 
but about an Axis, the Weight of every Point of the Body, or Bodies, muſt be 
multiplied by the Square of its Diſtance from the Axis, and the Sum of the 
Products muſt be divided by the Diſtance of the Center of Gravity of the Body, 
or Bodies, from the ſame Axis, or from an horizontal Plane paſſing thr# the 
Axis, multiplied into the Weight of the Body, or the Sum of the Weights if 
all the Bodies. Which Diſtance of the Center of Gravity from the ſaid ho- 
rizontal Plane, how we determine I have ſaid in its Place “. : 

That we may apply this Rule to the Line *, whoſe Extremity 1s the 
Center of Suſpenſion, the Weights of all the Points, or rather ſmall Parts, 
muſt be mulnplied by the Squares of their Diſtances from the Extremity, 
but each of the Particles is proportional to its proper Weight; therefore 
we ſuppoſe theſe alſo to expreſs the Weights : then the Sum of thele Pro- 
ducts is a Pyramid, whoſe Baſe is the Square of the Line, and Height the 
Line itſelf. If the Line is call'd a, this Pyramid is equal to g 45“. This 
muſt be divided by the Weight of the whole Line, which is equa! te 4, 
multiplied by the Diſtance of the Center of Gravity from the Extrenuty, 
that is, by + a, and the Diviſor is equal to :; a a. But by cividing 7 4 by 
2 a* the Quotient is 3 4, the Diſtance of the Center of Oſcillation from the 
Center of Suſpenſion, as I have confirm'd by Experiment above *. To 


is equal to. 
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To this Example I will add another alſo, which will be of uſe in the fol- 
lowing Chapter. : 
Let there be a round flat Piece a, every where of the ſame Thickneſs, 431. 
[ ſuppoſe this hung upon a Center, about which it turns; and the Weight Plate XVIII. 
p being join'd to it, there is made a compound Pendulum: for I ſuppoſe Fig 3. 
the Line C B to cohere with the circular Piece, together with which it is 
-urn'd about the Extremity C. The Center of Oſcillation O is requir'd. 
We ſhould ſuppoſe the circular Piece A to be divided into innumerable 482. 
ſmall Parts. We ſuppoſe this Diviſion to be made by concentrick Circles, 
:quaily diſtant from each other, whoſe common Center is C. Theſe 
Circles, or rather ſmall Rings intercepted between them, are to one 
another as their Weights, and alſo as their Radu z wherefore the Radu of 
the ſmall Rings may be taken for their Weights, and each of them ſhould 
be multiplied by the Squares of the Diſtances from the Center “, that is, we * 470. 
ſhould ſeek for the Sum of the Cubes of all the Radii ; and this is not difi- 
cult, if we make uſe of the Calculus of Infinites. This Sum, if à is the 
Radius of the circular Piece A, is à 4. But the Weight of the whole cir- 
cular Piece is expreſs'd by the Sum of the Radii of all Circles, which 
Sum is equal to a rectangular Triangle, whoſe Baſe is equal to a, and whoſe 
Height is equal to it; wherefore the Weight is equal to + aa ®. Whence * 41 FL. 1. 
it appears, that the Sum ſought for, namely, 4 at, is equal to half of the 
IWeight of the circular Piece A, multiplied by the Square of the Radius. 
To this Product I add the Weight P, multiplied by the Square of the 
Diſtance CB; and I divide this Sum by the Product of the Weight, mul- 
| tiplied by the Diftance CB; the Quotient of the Diviſion will give 
CUT, * 479. 


SCHOLIUM V. 
Of the Line of the fwifteſt Deſcent. 


E have ſeen above *, That a Body which deſcends from one Point 41. 
to another, when both the Points are not in the ſame Vertical, 
ſhould not go in a right Line, to go through its Way in the ſhorteſt Time. 
What Line it ought to follow we have mention'd *, which we will now * 453. 
demonſtrate here; becauſe what is demonſtrated in Scholium I. of the Cy- 
cloid, is of uſe to this purpoſe. | | 
Let there be two Points A and B, ſeparated by the Line CD; let a Point 483. 
mov'd, and go from A towards B, but according to ſuch a Law, that Plate XVII. | 
before it comes to the Line C D, it may be carry*d with a Velocity which we Fig. . 
call v; but when it has paſs*d thro? this Line, let it go with a greater Celerity, 


which we call c: let us ſuppoſe further, that the Point runs through ſtrait | 


Jang with each of the Velocities ; and therefore is mov'd thro? the right | 
ne AB, or goes thro? the Lines AE, E B: We mult determine, REY 5 
2 2 ou! 
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mou direct its Motion, that in the ſhorteſt Time it may go from A 

Let us ſuppoſe the Time in which the Body, with the Velocity v, rur 
thro* any Line, to be repreſented by the Line itſelf which is run thro? 5. 
the Time wherein the Line is run thro', with any greater Velocity, is f 
much ſhorter, as the Velocity is greater, and is diminiſh'd in the Ratio in 
which the Velocity is increas'd ;; therefore the Lime in which any Line i 
paſs'd thro' with the Velocity c, will be repreſented by a Line, leſs than 
that run through, and which has the Ratio to the Line run thro, which, 
1s given between v and c., 

If the Point goes through AE and EB, the Time of the Motion threy 
AE, becauſe this Line is run thro' with the Velocity v, is repreſented by 
this Line; the Time in which EB is paſs'd thro”, is repreſented by tlic 
Line EF, which is to E B, as v is to c. But the Point F is determin'g, 
if BD be drawn perpendicular to CD from B, and c: v:: BD: LD, 
and a Parallel be drawn to DC through L, this will cut BE in the Point 
Bog on account of the Parallels ED, FL, we have BD:LD::BF- 
FE, 

From this Demonſtration it alſo follows, if a Point paſſes thro? other 
Lines AM, MB, the laſt of which cuts LF in N, that the Time of the 
Motion is repreſented by the Lines AM, MN, ſo that we muſt determine 
thro' what Point of the Line CD the moveable Point paſſes, when the 
Sum of ſuch Lines, repreſenting the Times, is the ſmalleſt of all; which 
that it may be done, we muſt attend to what follows. 

That the Sums on both ſides, as we recede from the Point fought, arc 
continually increas*d; and therefore in this Caſe only the neighbouring Sums 
are equal, if the Lines on either ſide are diſtant but a little from this very 
Point: therefore if this Point be between E and e, whoſe Diſtance is infinite- 
ly ſmall, AE EF and Ae -+ ef will be equal, from which Equality the 
Situation of the Point E or e muſt be deduc'd, which Points coincide with 
the Points ſought ; for by reaſon of the infinitely ſmall Line Ee, this ſmall 
Line may be look'd upon as the Point ſought itſelf. | 

With the Center A, and Radius A e, let an Arch e of a Circle be 
deſcrib'd; with the Center B and Radii Bf, and BE, let the Arches E 7, 
fg be deſcrib'd, and AH E and Ae i will be equa]; theic equal 
Quantities being ſubſtracted from AE+EF = Ae e, there remains 
bE +gF= ei, Whence we deduce E = ez—g F. 

By reaſon of the ſimilar Triangles ez E, fg P, and Bfg, B. E, as alſo 
BFL, BED; ei: g F:: Ei Fg, :: BC: By or BF (tor the Difference 
is infinitely. ſmall):: B D: BL. By Converſion ez, ej—gF =bE:: 


B D, BD - BLS LD; that is, as the Velocity below the Line to the 


Velocity above the Line. 1 2 
With the Center E let there be deſcrib'd a Circle, cutting the Line EA, 

or e A, (which we ſee may be look'd upon as the ſame) in M, and E Bin 

N; from which Points let MP, NO, be drawn perpendicular to CD. 


In The 
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The Triangles e i E, EN O, are ſimilar; they are rectangular, and 
have a common Angle at E, or e. After the ſame manner eh E and e MP 
are ſimilar; therefore | | 

ei:Ee::EO:EN 
Ee:bE::Me, orN: (which are taken for Radii of the ſame 
Circle,) e P, or EP. 

By Equality ei: B E:: E O : EP“. But theſe Lines are the Coſines of 484. 
the Angles, which the Directions of the Motions make with the Line C D, 22 El. V. 
which ſeparates the Spaces, in which the Velocities differ : which Coſines of 
the Directions are therefore to one another, as e i to h E, which we ſee are. 

{0 one. another, as the Velocities in thoſe Directions, when the Time is the 
ſhorteſt of all, 

Let the Body be mov'd again from A and tend towards B, with this 485. 
Condition, that while it paſſes thro” the Lines CD, IL, MN, OP, it Plate XVII. 
may change its Velocity every time, it is requir'd to know according to Fig. 8. 
what Law it ſhould be mov'd, thoſe Lines being ſuppos'd parallel, that it 
may go from A to B in the ſhorteſt Time. | 

It is requir'd that the Body come from A to F in the ſhorteſt Time poſ- 
ſible, and from E to G, from F to H, and from G to B for otherwiſe, 
in the whole Motion a ſhorter Time may be given. Therefore the Cœſines 486. 
of the Angles, which the Directions of the Motion AE, EF, FG, GH, HP, 
make with the Lines, parallel to one another, ſeparating the Spaces in which 
the Velocity is different, are to one another reſpeftively, as the Velocities in 
«hich each of theſe is paſs*d through. 

Let us now conſider a Body deſcending by Gravity. Its Celerity .is 
continually increas'd by its deſcending, and is always the ſame at the ſame 
Depth “, therefore the Spaces, in which the Celerity varies, are divided by » ,,, 
innumerable horizontal Planes, their Diſtances from one another being 1n- 
finitely ſmall: therefore that is the Line of ſwiſteſt Deſcent between two 487. 
Points, whoſe Tangent makes an Angle every where with the Horizon, whoſe 
Coſme is proportional to the Velocity acquir'd by falling *, that is, to he * 486. 
Sguare-Root of the Height through which the Body has fallen T. But I ſhall + 374, 393: 
cemonſtrate this to be the Property of the Cycloid. 

Let us ſuppoſe A D B to be an inverted Cycloid, whoſe Axis is vertical, 488. 
and that a Body deſcends from A; we muſt demonſtrate, that the Coſine 
of the Angle 4 DE, or BEL, is proportional to the Square-Root of the“ 412, 458 
Height FL+. The Angle BE L is equal to the Angle BFE * ; whoſe t 487: 
Coſine, if F be the Center of the Circle, and FB the Radius, is the Chord N XVII. 
FE ; which takes place in all the Points of the Cycloid, the ſame Radius # 5 Fl. VI. 
FB remaining: But this Chord F E is as the Square- Root of the Height 
FL For FL, FE, FB are in a continued Proportion ; therefore + 8.4. ELVI. 
FLxXFB=FEg®, but by reaſon of FB being conſtant, the Rectangle“ 17 EL VI 
FLXFBis in the Ratio of FL; in which Ratio alſo the Square of the + 1 EL VI. 
Chord F E is chang'd. | N 

Therefore, the Line of the ſwifteſt Deſcent, from one Point io another, is 489. 
an inverted Cycloid, whoſe lower Point, as A, coincides with the upper Point, 
and which paſſes through the other Paint, as ] ſaid in Ne 453. WL 'D 
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conſider the moſt ſimple Caſe, I will take a Line without Weight 
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CHAP. XXI. 
Of the Uſe of Machines. 


IN the foregoing Part, I ſpoke of ſimple and compound Ma- 

chines; we ſaw how a ſmall Power may overcome a great Re. 
ſiſtance, but we have determin'd the Caſe of the Æquilibrium only; 
and obſerv'd in general that the Reſiſtance is overcome, if the 
Action of the Power be ever ſo little increas'd *. But this general 
Obſervation is not ſufficient, if we would perform the greateſt Ef. 
fect that we can by help of a Machine. 


In the Uſe of a Machine we muſt conſider theTime ; for the Effect 


. which, cæteris paribus, 7s fperform'd in a leſs Time, is greater, if we 


conſider the whole Uſe of the Machine. 

For the Machine which, in the ſame time, with a double In- 
tenſity of the Power, produces a double Effect, is equal to that, 
whoſe Effect is ſingle, the Intenſity of the Power Heing fingle ; 
which therefore alſo agrees with that which producc a ſingle Ef- 
fect, in half the Time, the Intenſity of the Power being double: ſo 
that the Product of the Time by the Intenſity of the Power muſt 
be confider'd; and as long as this Product follows the Ratio of the 
Effect produc'd, in which Caſe this is the ſame, as often as the 
fame Reſiſtance is overcome in the ſame manner, the Uſe of the 
Machine may be look'd upon as the fame. Three Men finiſh a 
Work, in one Day, which one would perform in three Days; 
theſe Things agree, their Capacities being ſuppos'd equal, and 
their Diligence the ſame ; the ſame Work is perform'd by the ſame 
Action in the whole. 

From this I infer, That 17 is requiſite in the moſt per feet Uſe of a 
Machine, that ſuch a Power be applied to it, whoſe Intenſity, multi. 
plied by the Time, in which it performs a requir'd and deter min a Ej- 
fee, gives a Product the ſmalleſt of all; then the whole Action, 
whereby the Effect is produc'd, is the leaſt of all. 

In the Uſe of the Lever this Conſideration can ſeldom be of ſet- 
vice; yet, as the Demonſtrations in this Machine are very ſenſible, 
and many Things, which are to be ſaid of it, are of uſe in the 
other Machines, I will now ſpeak of the Lever, and that we may 
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Let AB be the Lever, whoſe Brachia are to one another as one : 
to ten ; and let A be a Weight of an hundred Pounds, to be rais'd 4 XVIII. 
to a determin'd Height A a. | 8.4. 

A Power equal to ten Pounds being applied, a Weight of an 
hundred Pounds will be ſuſtain'd, but it can't be rais'd * : If I add * 235. 
one Pound, and the Weight B be eleven Pounds, A will be 
rais'd but lowly, and eleven Pounds are not ſufficient that the 
Weight A may be rais'd, by the whole Action ſmalleſt of all : 
for another Pound being ſtill added ; that is, the Intenſity of the 
Power being increas'd an eleventh Part, the Time 1s diminiſh'd al- 
moſt three Parts in eleven; and the whole Actions, namely, the 
Products of the Times by the Intenſities of the Powers, are to one 
another as 5 to 4, very nearly. 

If the Intenſity is increas'd more and more, we ſhall have, to a 
certain Limit, the whole Action diminiſh'd, which will be increas'd 
if the Intenfity of the Power is increas'd beyond this Limit. The 
Table plac'd below makes this ſenſible, in which the Lever above- 
mention'd is conſider'd, and in which 100,000 expreſs the whole 
Action which is the ſmalleſt of all. 


Pmrvers, IWhole Actions. Powers. Whole Actions. 


10. Infin. 15,10. 1 00000, 490. 
11, 142300. 16. 100368. 
12. 114036. 17. 101611. 
13. 104677. 18. 103397. 
14. 10105. 19. 105575. 
15. 100016. 20. 108030. 


This Table demonſtrates that the Power, which ſuſtains the 497. 
Weight to be rais'd, muſt be ſufficiently increas'd in the Uſe of a 
Machine, but that it matters little whether it be increas'd a little 
more or leſs, for as much as this Intenſity is increas'd, ſo much is 
the Time commonly diminiſh'd, and the whcle Action is a little 498. 
chang'd within certain Limits. In the Example which we conſider, 
it does not matter which of theſe Powers we make uſe of, that of 
14, 15, 16, or 17 Pounds *. * 496. 
In the Uſe of the Lever this Reaſoning is ſcarce of any uſe, as I 
have already faid æ; but in other Machines, the Axis in Peritrochio, * 494- 
Pulley, and Machines compounded of theſe, we thould not neglect 
e Determination of the Power. | 


112 


499. 


zoo. 


* 208, 


501. 


502. 


the Square of its Diameter, and divided by the Square of t 
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I will now ſhew how we muſt proceed in this De 


termination, 


and will give the Demonſtrations of the Operations in the follow. 


ing Scholia. 


For the Axis in Peritrochio. 


I collect theſe four Numbers into one Sum. 1. The We 
the Limb of the Wheel. 2. The third Part of the We; 
the Radii. 3. The half of the Weight of the Axis, multi 


ght of 
ght of 
15 by 
e Dia- 
meter of the Wheel. 4. Laſtly, the Weight, whereby the Aqui. 
librium is had, multiplied by the Diameter of the Axis, and divi. 
ded by the Diameter of the Wheel. I divide this Sum by the 
Weight, whereby the Equilibrium is had; that is, which being 
applied to the Machine ſuſtains the Weight to be rais'd, and in the 
Quotient I ſhall have a Number, which I ſhall call the Index of 


the Machine. 


We muſt have recourſe to the Table underneath with this In- 
dex *, which is of uſe in all Machines, and which contains the 
Indices in the firſt Column, and the Number in the ſecond Co- 
lumn, anſwering to the Index, will give the Increaſe to be added 
to the Power, whereby an Aquilibrium is had; which Increaſe is 
expreſs'd in hundredth Parts of this Power. 

Example. Let the Weight of the Limb be 100 Pounds; the 
Weight of the Radii 30 Pounds; the Weight of the Axis 80 
Pounds; the Diameter of the Axis 1; the Diameter of the Wheel 


10; the Weight to be rais'd 200 Pounds; therefore the Weight, 
which would give an Æquilibrium, ſhould be 20 Pounds. 


I colle& 100; 10; +, or 0,4; and 2 into one Sum: I divide 


the Sum 112,4. by 20. and diſcover the Index to be 5,62; 


which is a mean between 5 and 6. and the correſponding Number 


is nearly, 0,80. Therefore the Increaſe is equal to eighty 
Hundredth Parts of 20 Pounds, and the Intenſity of the Power to be 
applied to the Machine will be 36 Pounds. 


For the Pulley. 


We ſuppoſe all the ſmall Wheels or Sheaves to weigh equally ; 
and I multiply the Weight of one Sheave by the Product of the 
Number of little Wheels or Sheaves increas'd by one, and multi- 


plied by double the ſame Number of Sheaves plus one; and I di- 


vide this Product by the Number of Sheaves twelve times _ 
I add the Weight, whereby the Aquilibrium is had, divided by the 


Number 


—— 
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Number of Sheaves; and divide the Sum by this Weight which 
gives the Aquilibrium, and the Index is given in the Quotient. 

Example. Let the Weight of one Sheave be 3 Pounds; the 
Number of Sheaves 10; the Weight to be rais'd 200 Pounds; 
therefore the Weight, which gives the Equilibrium, is 20 
Pounds *. 260, 271. 

I multiply 3 by 11, and the Product by 21; and I have 693; 
divide this Number by 120; the Quotient is 5,775; I add 20, 
divided by 10, that is 2; and divide the Sum 7,775, by 20. and 
the Index is 0,389, leſs half; and the Increaſe, as the Table 
news *, differs little from 57 hundredth Parts of the Power, which #* os. 
gives the Æquilibrium, wherefore the Power to be applied exceeds 
but a little 31 Pounds. 

How ſmall ſoever the Index becomes, yet it never vaniſhes en- 504. 
tirely : In the Axis in Peritrochio, if the Machine had no Weight, | 
and the Diameter of the Wheel were infinite, this would obtain : 

And in the Pulley alſo, if the Number of Sheaves were infinite, and 
had no Weight; therefore the Increaſe, of which I ſpeak here, 
always exceeds the half of the Action, which can ſuſtain the Weight 
to be rais'd; yet the Action is never to be doubled, fince the In- 
_ can never equal it; as appears by an Inſpection of the 
Table “. * 508. 

What has been above obſerv'd of the Lever, may be alſo applied 505. 
to all Machines *, whence I conclude, that this general Rule may * 498. 
be eſtabliſh'd, without any ſenſible Error. 

The Power which is to ſuſtain the Weight to be rais'd, muſt be in- 506. 
creas'd by half, if the Weight is to be rais'd by belp of many Sheaves; 
or * other lighter Machine, or one whoſe heavier Parts are 

 mov'd leroy; as in the Capſtand : namely, an Axis round which a 
Rope is wound, whilit it is turn'd round by help of a Lever, or 
long Handle, 
In other Caſes when the Machine is heavier, as in the Axis in 507. 


Peritrochio, the Power muſt be doubled, which is in Aquilibrio with 
the Weight to be rais d. | 
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Index. Power. Index. Power. 
o. O, 50. 6. 0,81, 
O, 5. 0,57. 7. 0,83. 
I. 0, 62. 8. o, 8 5. 
2 0,09. 9. 0,86. 
3+ 0,73. 10. 0,87, 
4. 0,70. I 5, 0;90. 
5 9,79. 35. 0,9 5. 

Infin. 1,00. 


Hitherto we have ſuppos'd the Machine determin'd in every re- 
ſpect, and have only treated of the chuſing of the Power; now 
let us fee, how we mult proceed zf we have to do with Machines if 
the ſame kind, and one is to be choſen. 

Let us conſider the Lever again, but ſuch an one, the Ratio of 
whoſe Brachia is not determin'd, and let the ſame Weight be t9 be 
rais'd to a determin'd Height. That we may compare the whole 
Actions of different Levers, we ſhould attend to three Things, and 
theſe three Things only are to be conſider d. For the whole Action 

follows the Ratio, x. Of the Intenfity. of the Power acting. 2. Of 
the Time in which it acts *, 3. Of the Space run thro by the Power, 
For if the Weight of one Pound, while it is acting, deſcends two 
Feet, its Action is double that, which it would produce, if it de- 


ſcended but one Foot; for in the firſt Caſe the former State of the 


Weight can't be reſtor'd, unleſs it be twice rais'd, as in the ſecond 
Caſe it mult be rais'd but once. 

Now if we determine the whole Actions, for different Lengths 
of the Lever, by applying for each of the Lengths a Power, which 
gives the ſmalleſt Action for that Length; we diſcover, by different 
Levers being compar'd, that the whole Action is leſs, if the Diſtance 
of the Power from the Fulcrum be leſs. 

+ Let a Weight of an hundred Pound be to be rais'd to a deter- 
min'd Height; let a Lever with equal Brachia be made uſc of, that 
the Action may be ſmalleſt, a Power muſt be applied whole In- 
tenſity is equal to 162 Pounds; if this Diſtance be reduc'd to balt, 
the Intenſity of the Power will be 338 Pounds. But it deſcends 


only through half the Space, the Time alſo is diminiſh'd, and is 


to the firſt as 35 to 44 nearly, and the whole Actions are, as 102 
| * 
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„1 * 44, is to 338 x2 * 35 *, that is, as 7128, to 5915, nearly 
tO 5. 

” 11 it follows that when greater Powers are applied the whole 

Actions are leſs, a juſt Ratio between the Brachia being laid down; 

but theſe have ſome Inconveniency, becauſe it is not eaſy to ma- 

nage them, and Machines are made uſe of for raiſing Weights, that 

a greater Weight may be rais'd by a leſs Power, 

If any one, when a determin'd Weight is to be rais'd by a de- 
termin'd Power to a determin'd Height, ſhould require the ſmalleſt 
Action, we muſt find the Dimenſions of a Machine, in which the 
product of the Time by the Space run through by the Power 
would be ſmalleſt * ; which cannot be done without difficulty; 
becauſe the Weights of the Parts of a Machine, when it is 
chang'd, do not vary according to any determin'd Rule. A Solu- 
tion of this Problem, which is ſolid in the moſt ſimple Caſe, would 
not be of much advantage in practice *. 

In the Lever of the third kind, the Power is always applied 


in reſpect of this Action the Lever of the third Kind ſurpaſſes the 
cthers. | 

Many Authors, who treat of Mechanicks, compare ſeveral 
Machines with one another, conſidering only the Caſe of the 
Equilibrium, and look upon this as the Foundation of the Uſe of 
Machines, viz. That the Time, in which an Effect is produc'd, 
is increas'd in the Ratio, in which the Intenſity of the Power is 
diminiſh'd. But what is demonſtrated in this Chapter proves, 
that this Propoſition muſt not be admitted. 

In the Uſe of the Machines, treated of in this Chapter, when a 
conſtant Power is applied to them, the Weights are raiſed with an 
accelerated Motion, and we ſpoke of this Caſe only. 

There are other Machines, ſuch as commonly are Hydraulick 
Machines, in which we don't conſider the determin'd Effect to 
be perform'd, but the ſucceſſive: in theſe, ſucceſſively different 


of the ſame Machine. I ſhall afterwards ſpeak of the Uſe of ſuch 


Machines. 


Q 2 SCHOLIUM. 


at a leſs Diſtance than the Weight to be rais'd “*, and ſhould al- * 
ways overcome it : wherefore in this Lever the whole Action ts + 235. 
leſs than in the ſecond, or common Uſe of the firſt *; and“ 511. 
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513. 


514. 


810. 


® 506, 507. 
515. 
234. 


516. 


517. 


518. 


Water is rais'd with the ſame Velocity, by the continued Action 
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Plate XVIII. 
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SCHOLIU M I. 


In which is illuſtrated what was ſaid of the Lever in the Beginning 
of this Chapter. 


ET AB be a Lever, C the Fulcrum, A C is equal to one, BC +, 
there is at A an hundred Pound Weight to be rais'd. I apply ten 
rounds at B, and have an Æquilibrium; then [ ſucceſſively uſe the We chr 
of elcven, twelve, thirteen Pounds, and A is rais'd after the ſame manner, 
in different Times. That we may compare theſe Times, we mutt look 
upon the Lever, loaded with Weights, as a compound Pendulum, and 
ſeck for the Center of Oſcillation *. If the Power is equal to thirteen 
Pounds, this Center is D; if to fourteen, it is E; if to fifteen, F, Se. 
In theſe different Motions, when we conſider the ſame Motion of the 
Pendulum, the Center of Oſcillation paſſes thro? ſimilar Spaces, and the 
Squares of the Times of the Deſcent are as the Spaces paſs'd thro'“; 
which are as the Diſtances CD, CE, CF, c. The Increaſe of the 
Power, when the Diſtance of the Center of Oſcillation is great, ſenſibly 
diminiſhes this Diſtance ; and this is the reaſon why the Time is more di— 
miniſn'd, than the Intenſity of the Power is increas'd, whereby the whole 
Action is diminiſh'd *. But when the Intenſity of the Power being in- 
creas'd, the Center of Oſcillation is leſs diſtant, as at H, I, L, Sc. then, 
by. increaſing the Power more, the Center of Oſcillation comes forward a 
little, the Time is diminiſh'd a little, and the whole Action is increas'd. 
In the Conſtruction of the Table, Ne 496 the Diſtances of the Centers 
of Oſcillation were determin'd for different Powers, and the ſquare Root 
of the Diſtance of every one of them was multiplied by its Power, and 
this Product, or rather the Numbers in the ſame Ratio with thele, were 
put into the t-cond Column. But the Power, which gives the whole Ac: 
ton ſmalleſt, was determin'd by the Method explain'd i in Scholium III. 


$SCHOQLIUM- H. 
Of the Indices of Machines. 


E call'd that Number the Index of a Machine * by help of Which 
we diſcover the Power, which produces a determin'd Effect, by 
the whole Action ſmalleſt of all. 


We diſcover this Number, by ſecking the Center of Oſcillation of tl 
Machine. 


Of 
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Of the Index of the Lever. | 
Let 2 be the Weight to be rais'd; the Diſtance AC=m; CB =; 522, 
1 . Plate XVIII. 
the Power whereby the Mquilibrium is had will be 75 * and let x be the Fig. 5. 
Increaſe of the Power, that Motion may be given. TOE: 
The Diſtance of the Center of Oſcillation from C, the Lever being ſup- 
| " 8 
pos d to be without Weight, will be — —,.— 1 ſuppoſe 9 Wo 
ſo determin'd, that hm m ma u,ůn,ẽ:2; that is, I put 5 == + F 
. | 2 
The Diſtance of the Center of Oſcillation now is 1 = 522. 


nx 
ma -u KM 


„but x muſt be determin'd, with relation to the Weight 


x | 
which gives the Equilibrium; for the Increaſe, which is calPd x, was ex- 
preſs*d in the Cale of the ſmalleſt Action, by hundredth Parts of this 


: : | am | 
Weight, in different Machines *; that is, we ſhould put * the Weight 500. 


which gives the Equilibrium, equal to Unity, then am n, and the Di- 


524. 
ſtance of the Center of Oſcillation, will be — — which Diſtance Fol- 
b | 
luws the Proportion ——. And b 1 is the Number, which we called 
the Index of the Machine; by help of this I ſaid the Power was diſcover'd, 
which gives the whole Action ſmalleſt of all“. oo. 


In every Machine, by a like Expreſſion, we denote the Proportion of 2 
the Diſtance of the Center of Oſcillation; & only differs, but, this being 525. 
g ven, the Problem, concerning the whole Action ſmalleſt, is ſolv'd in the 
ame manner, as we ſhall ſee in the following Scholium. 


Of the Index of the Avis in Peritrochio, 


Let there be a Wheel E, whoſe Radu are D, D, Cc. Axis C; let þ be 6 
ad the Weight of the Limb, or Circumference of the Wheel; let > be ma. XVIII 
we Weicht of all the Rad taken together; and the Weight of the Axis Fig. 6. 
the Semicdiameter of the Axis is call'd . The Semidiameter of the 
ech, we ft aſide the Breadth of the Limb; and then » expreſſes 
the Length of tue Radii alſo. The Weight to be rais'd A, is call'd a : 


tne Weight whereby the Equilibrium is had will be * * the Increaſe 


LY a : ma 
hereby Motion is communicated x; therefore B = — + x, 
; N 
> M oy Motion of this Machine a Point is given, which is moved, as if it 
vas acted upon by Gravity only, and anſwers to the Center of Oſcillation 


111 


527. 


118 
1479. 


* 480. 
＋ 482. 


7 479. 


. 


® 524. 


2 439- 
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in a Pendulum; for we ſhall have a true Pendulum, if we ſuppoſe t 
Weights A fix'd at a, and B at 5. We diſcover the Diſtance of this Ca 
from the Center of the Wheel by the Rule given “. 

I multiply the Weight of the Limb by the Square of the Semidiamecte- 
of the Wheel, the Product is » » p. I multiply the Weights of each of th. 
Points of the Radii by the Squares of the Diſtances from the Center, and 
have 4-nnr *, alike Product for the Axis is + m gf; for the Axis may 
be look'd upon as a thicker Wheel. The reſt of the Products are . 
and Ban = mna-+1n x, and the Diſtance of the Center of Oſcillation 1 
un pο⁵ο u uu -A ma +mna +— nuns, 

nx 

Let us put n np + run Em mma una, all which are 
known Quantities, m na. Therefore the Diſtance of the Center of Ol: 
bmna+nnx bna Aux 

* 
x with an immediate relation to the Weight, whereby an Equilibrium 1; 
had, as we did with reſpect to the Lever *, we ought to take this Weight, 
b ma+nx bn+nx which 
* 


* 


cillation is equal to but if we would express 


VIZ, _ „for Unity, Then ma = M and 


Quantity follows the Proportion of this A ft 


x 
ſaid of the Lever“. The Index of the Machine is 2 — 1, whoſe Value 
we have, if we divide the Equation, in which h was afſum'd, by mn a, 
and we ſhall have Lg 3 99 321, which Determination 
3ma 22 7n | 
of the Index agrees with that which we gave above. For we ſad that 
n in 


theſe four Numbers muſt be collected into one Sum, P 


2 Af 


in the ſame manner as was 


mma 


* which Sum I ſaid muſt be divided by the Weight, whereby an 


Equilibrium is had, ca and is chang'd into this ee e 
7 ma Jma 2na * 

We muſt proceed in the ſame manner in all the Machines; we mult ſcck 
the Number which is call'd the Index, which has this Property, that being 
increas'd by Unity, if it be call'd 4, the Diſtance of the Center of Olcilla- 


b + x 


* 


tion ſhall follow the Proportion 


Of the Index of the Pulley. 


In this alſo, as in all other Machines, which, ſetting Friction aſide, are 
mov*d by Gravity only, there is a Point which anſwers to the Center ol 
Oſcillation in a Pendulum; that is, which is mov'd with ſuch a Velocity, 


as it would acquire, if it were mov'd by its own Gravity only. 
When 
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When all the Parts of the Machine are mov'd about the fame Center, 530. 
gr the ſame Axis, the Velocities of each of the Points are proportional to 
the Diſtances from the Center, or Axis; and for this Reaſon, that the 
Center of Oſcillation may be determin*d, every Weight is multiplied by the 

aire of its Diſtance from that Center, or Axis“: for the ſame reaſon, * 479. 
when the Motion is not ſuch, as in the Pulley, we ſhould multiply every 
heavy Point by the Square of its Velocity; that is, in the Determination of 331. 
the Center of Oſcillation we muſt att, as if all the Points turn'd about the 
ſame Axis, keeping the Velocity which they really have. 

Let there be equal Sheaves, weighing equally. For the firſt Sheave I 532. 
multiply each of the Points by the Squares of their Diſtances from the Center, 
and have half of the Weight of the Sheave, if we ſuppoſe its Semidiameter 
to be denoted by Unity . The Velocity of the ſecond Sheave is double; - 483. 
hut is, every Point is mov'd with a Velocity double of that, which the 
correſpondent Point has in the firſt Sheave; and therefore the Sum of the 
products, for the ſecond Sheave, is quadruple of that, which is determin'd 
Gr the firſt Sheave, In the ſame manner the Product is nine times as much 
for the third Sheave, and ſixteen times as much for the fourth, &c. If x be 
the Number of Sheaves, for the laſt Sheave the Product will be half of the 
Weight of one Sheave by ꝝ u, and the Sum of the Products will be equal to 
the Product of the half of the Weight of one Sheave by the Sum of the 
Squares of the natural Numbers from Unity to z; which Sum is eaſily diſ- 
cover'd, as will be preſently ſhewn : Let this laſt Product be x z p. 

Let F be the Weight whereby an Aquilibrium is had, and » f will be + 262, 271. 
the Weight to be rais'd “*; x the Increaſe of /, that Motion may be com- 
municated to the Machine. 

The Weight to be rais'd » f ſhould be multiplied by the Square of the 
Smi-diameter of the firſt Sheave, that is, by Unity, and we have » f. 

Laſtly, Fx muſt be multiplied by 2», and we ſhall have the Diſtance of 

the Centerof Oſcillation T - . 531, 474» 

We ſuppoſe & to be ſo determin'd that y f nf = b nf, and the Diſtance "my 

| buf—+nx 
x 


Now if, as in the fore- 


the Center of Oſcillation is equal to 


going Machines, x muſt be expreſs'd with relation to , we put f= ; 
Tux bn ux 
* . * 


the and it appears that the Diſtance of the 


b + x 


* 


Center of Oſcillation follows the Proportion 


The Index is 6b — 1 = 2 EY 4 M and I will now demonſtrate, that this 
1 | 


exactly determin'd above. 
: e put np equal to the Product of the half of the Weight of one 
-*2vc by the Sum of the Squares. of the natural Numbers from Unity to 2. 


2 


* * * . — 
——— — 
— RP. A099 —— 2K — 
* : " 
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Plate XVIII. 
Fig 7. 


7 El. XII. 


IF, and NC LIM. which together make a Parallelo;ie1. which con. 
tains ſo many Cubes, like A, as there are Unities in the Side of the Square 
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I will ſay ſomething about diſcovering this Sum; the Problem is 9, 
known, and it is a ſingular Caſe of a Problem, which is itſelf particular i 
reſpect of another more univerſal, To take this Method in the ee 
ſtration would be tedious; 1 will take a ſhorter Method, and give 2 D. 
monſtration, which relates to that Caſe only of which we are ſpeaking y 

For Unity we have a ſmall Cube, as Z. Of ſuch Cubes I fn, 
Squares to be form'd of the natural Numbers, which together Kr 
Solid X; whoſe Magnitude, the Unity Z being applied, exprefi« th: 
Sum ſought, | | 

I ſuppoſe this Solid X, to be inſcrib'd in the Pyramid AB DC, who. 
Baſe is the Square of the Sides 2 + 1, and Height is alſo » + I; this py. 
ramid is equal to 4 n u . z; but it excceds the Solid X, an; 
the Exceſs for cach of the Squar.s or Strata, conſiſts of a Pyramid « 
H DL GI, which is equal to ; and moreover of two Priſms, as HBE G 


E N. | 

We have the whole Exceſs of the Pyramid, above the ſolid X, I. By 
multiplying the Value of the ſmaller Pyramid 4 by the Number of ſuch 
Pyramids 2» + 1, and the Product is + #+ ; and 2. By ſeeking che 
Sum of all the Parallelopipeds, which make the Arithmeucal Progs. 
ſion 1.2.3. ....#; which Sum is equal tot an -= A. Therefore the 
whole Exceſs is n + 5 3 ++: this being ſubtracted from the Valu of 
the Pyramid, I have the Sum ſought of the Squarcs + #* ? x 
21 ＋3 un u 
6 

3 , 

If 9 be the Weight of one Sheave, it will be E 


12 


=nnp*, ad po SHOOT LEE TT . 
12 7 127 


We ſaw that the Index 5 — 1 was equal to 7 * Therefore b — ! 


— + — which is the above-determin'd Value of thc 
12 7¹ F FI 


SCHOLIUM III. 
Of determining the ſmalleſt whole Action. 


E have ſeen how, the Index of a Machine being given, by help ol 
the Table No. 508. we diſcover the Power, which gives the hole 
Action ſmalleſt of all“; we muſt now ſpeak of the Conſtruction of tlis 
Table. | | | 

In a Machine propos'd, we conſider the raiſing the ſame Weight to the 


ſame Height; therefore of the ſame Motion of the Machine, ſo gon 
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un thro* by the Center of Oſci.lation, follows the Proportion of 
oe 7 5 — from the Center of Motion. The Way run through by the 
en of Oſcillation in this Motion, is always ſimilar to itſelf, and the 
Square of the Time is as the Space run through * ; therefore it is as the 519. 


Diſtance of the Center of Oſcillation, that 1s as 2 — = of which Expreſ- 


Gon this Diſtance always follows the Ratio, as I have demonſtrated in the 
foregoing Scbolium. The whole Action is had by multiplying the Time 
by the Power * which in this Caſe is equal to ix; and the Square of 492. 
he Action follows the Proportion of the Square of the Time by the Square 


of the Power, that is == by 1-+x*. And this Action will be the 


{nalleſt when x is ſo determin'd, that this Product is the ſmalleſt of all. 

BA, BD being drawn, which make a right Angle at B, let BI be ; 537. 
and IAS x. Thro' II draw I C=u1, parallel to BD, and put IH alſo Plate XVIII 
equal to Unity, „ 

By reaſon of the ſimilar Triangles ACI, ABD, AI (x): AB (S - ):: 


CI (1.): BD (). Therefore the Diſtance of the Center of Oſcilla- 16 El. VI. 


x ax 
don follows the Proportion of the Line B D, howſoever x be chang'd. 


EZ = BD Unity be ſubſtrated on both Sides there is given 


The Intenſity of the Power is HA = 1 +x; therefore the Product, 
which expreſſes the Square of the whole Action, is B Dx H A, and we 
ſeek I A, when this Product is the ſmalleſt of all ſimilar Products. 

If in this Caſe x be a little increas*'d, or diminiſh'd, the Products become 
greater, and theſe may be ſo taken, as to be equal ; let us ſuppoſe ſuch to 
wn x rk Ai BdXH 44]; the Value ſought of x is a mean between I A 
and I a. | 

But the Points A and a, may be ſo mov'd mutually towards each other, 
that the Diſtance will be infinitely ſmall ; in which Caſe A à is had for the 
Point, and I A is the Value ſought of x, | 

This Æquation B DHA =Bdx HA is reſolv'd into this Propor- 


tion “; Bd:BD:: HA*: HAAR = HAi+2HAxAa+» 16 EL VI. 


Aa::HA:HA-++2Aa; for Aa is infinitely ſmall in reſpect of the 
other Quantities, and may be neglected, and by 3 the Terms of the 
laſt Ratio but one by H A, we light upon the laſt. Therefore B 4: B D:: 
HA:HA+2 Aa; whence by Converſion and Alternation we deduce 
Bd: HA::Dq4:2 Aa, or Bd:+HA::Dd:A a. | 

With the Center C let the Arches A G, dF of a Circle be deſcrib'd thro? 
A and d, which may be look*d upon as Right Lines, becauſe they are 
ſuppoſed to be infinitely ſmall, „ 
YOh, 1. R The 


* K - — is — — 
— 4 —— D“7 2 nas — 3 
. . „ 


_- 4 
of — - © — - 
———— — — — —— —— —— — — — — — — 
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The Ratio of Dd to A a, is made up of theſe three Ratine « 
dFto AG, and AG to A. F Ratios of D- todF, 
By reaſon of the ſimilar Rectangular Triangles DCE, DA Ac 


and C Al, theſe Ratios are reduc'd to theſe different Ones; D4:4F.: 


CA: AI; dF:AG::DE:CI; AG:Aa::CI:CA, 

Therefore D d is to Aa in a Ratio made up of theſe three Rar 
DE to CI, CI to CA, CAto Al; the Ratio of which conte ® 
Ratio is that of DE to AI, in which Ratio therefore is D to 1 


B 4 to HA, that is, DE (=), AI (x) :: Bd (==), :HA 


®* 16 El. VI. (L * ＋ 2), and b+x#=4þ + —#; whence we deduce the AÆquation 


538. 


539. 


40. 
ms XIX, 


Fig. 1. 
* 357- 


® 360. 


541- 


2x ? 
* * +3 bx — 5 Zo, whoſe poſitive Root is x = 83 +73} — 


+ þ, and we have what is ſought. 


For the Index of the Machine being given, we add Unity, and 
the Value of 5 we have ſubſtituted this for & in the l ad . | 
grven. | 
In the Conſtruction. of the Table No. 508. we have ſucceſſively put 
6=1, 6 = 2, $6 = 3, c. that is, we put the Value of the Index o, 
afterwards 1, then 2, Sc. and the correſpondent Values of x being found, 
were put into the Table, | 


C HAP. XXII. 
Of the Projeftion of heavy Bodies. 


F a Power acts upon a Body in motion, the Motion is alter dé“; 
If Body be e along A B, in the Time, in which it can 

run thro' AB, by the Force of Gravity, it is carry'd towards the 
Center of the Earth along BF; and thus, is mov'd along AF, 
with a Motion compounded of theſe two *; and with this Motion 
it would run thro' FC, equal to A F, in the ſecond Moment, ex- 
cept in the ſecond Moment, it were carried thro' C G by the fame 
Force of Gravity, ſo that the Motion in the ſecond Moment be 


thro' F G. In the fame manner, the Motion of the third Moment 


is thro' G H, and of the fourth Moment thro' HI; but as the 
Force of Gravity acts continually, thoſe Moments of Time are very 
{mall, and there will be always a Motion otherwiſe compounded.; 
that is, an Inflection of the Direction; in that Caſe therefore the 
Body is mov'd in a Curve Line. 

his Motion of a Bodly from Prejection may be conſider d more 
fimply, in all Projections, which may be caus d by us; becauſe N 

k th 


m_ 


— 


18 


180 
100 


| Ty 


34.4 2 


2459.4 
lh 
2807.5 


WY 


7 
7 | 


' 
l 


LYN 


1 


Ll 


II 


— 


FR 


. 
5 


— — „ 


onal. 
E 


oooh 
F 


3 
29.5. 


1 


| & 
K T 1 
2 


B 


— - - 
— - FF 


A. 


8 1 |; N 
1 ml 
| . 
8 W "if, All 1 4 


10 1 Js 


— 


$-9 ©. @& 


RATING 
- 


— 
—— 


X NY} OO. OY OY. © OS OT - * . Ow. WF ——_'Y. Gy - — - — — — — „ 


Chap. 22. of Natural Philoſophy. 123 


the Lines, which tend towards the Center of the Earth, in the 

Space, thro' which the Body paſſes, may be look'd ypon as pa- 

rallel; wherefore the Direction of the Motion is not chang'd by 

-eaſon of Gravity; whence the Motion from Projection 7s made up 

of two Motions only, the firſt —_ along the Line of Projection *, 355: 

the ſecond accelerated towards the Earth + ; which two Motions don't + 46, 

diſturb one another *. N * 358. 
Let a Body be projected along the Line AE, parallel to the Ho- 542. 

rizon; in equal Times, with this Motion, it will run thro' the Plate XIX. 

equal Parts, AB, B C, CD, DE: by Gravity it is carried with Fig. 2- 

a Motion perpendicular to the Horizon, in the Direction BF, 

CG, DH, or E I, which Lines are taken for parallel; this Mo- 

tion is accelerated, and therefore, if after the firſt Moment the 

Body be at F, after the ſecond it will be at G, after the third at H, 

after the fourth at I ; ſo indeed that B F being put one, CG will 

be four, D H nine, and EI ſixteen . The Body will run thro' + ;-, 

a Curve paſſing thro' all the Points, which may be determin'd in 

the ſame manner as F, G, H, I; and it is call'd a Parabola. 


A MacuiNE, whereby what has been demonſtrated of the Projection 
of Bodies is confirm'd. 

The chief Part of this Machine is a ſolid Piece of Wood A, 543. 
one Foot high, and two Inches thick: this has half its Height Plate XIX. 
from C to B made hollow circularly, or according to any = = Fig 3. 
Curve; yet ſo, that a Ball may deſcend regularly from B to C; 
which, that it may do more freely, the Wood is cover'd with a 
Copper Plate, or an iron one tin'd, which is ſmooth and poliſh'd. 

A Marble Ball is made uſe of, whoſe Diameter ſomewhat exceeds 
half an Inch; and the Curve BC is ſo plac'd, that the Motion of 
the Ball at C may be horizontal, 

This ſolid Piece is put upon a Board DE, to which alſo it is 
join d, and which is ſupported by three Screws, as G, G, for the 
third can't be ſeen; by help of a Plumb-Line, applied to the back 
Part of the Machine, and whoſe Thread is faſten'd to the little 
Wedge N, the ſolid Piece A is put into a vertical Situation, and 

the Board D E into an 13 
| There is join'd to the Side of the Machine the Board M, which 
may be remov'd, and at pleaſure applied to either Side. _ 

When it is applied to the anterior Side, it is put in between the 
Board H, join'd to the Machine, and the Surface of the Solid A, 
being retain'd by the Ruler I alſo. 

R 2 This 
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542. 


ſame Plane, parallel to the Board M, and paſſing thro' the middle 
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This Board is faſten'd in the Situation here repreſented FRY 


this "apt n 
The Ball is plac'd at B, which is let down, that it 
freely along BC, and the Diſtance F, to which it 1 N 
which is always the ſame, if the Ball be often let down: decuut 
it deſcends every time from the fame Height, and therefor ; 
jected horizontally from C, with the ſame Velocity. 
There is an hollow in the Wood F, which is fill'd with Cotton 
and the Point /, anſwering to F, is mark'd on the Board M 
Thro' / the vertical Line /f is drawn ; the Ball is plac'd at the 
End C of the Curve B C, and the Point a, anſwering to its Center 
is alſo mark'd on the Board M, and the horizontal Line « f i: 
drawn, which here makes the Extremity of the Board M. 
af is divided into five equal Parts at 5, c, d, e, and the vertical 
Lines & u, cn, d n, en, are drawn; whoſe Lengths are thus de- 
termin'd ; f is divided into 2 5 equal Parts, of which 3 contains 
one, cn four, d Mn nine, en ſixteen: and thro' the Points 1, n, 
Sc. the Curve ann is drawn, which ſhews the Way, which a 
Body, horizontally projected from à in ſuch manner, as to fall at-, 
paſſes thro' in its Motion *. 
The four Copper Rings, O, O, O, O, are applied to the Board 
M ; theſe have cylindric Tails, which are thruſt into Holes at 
u, u, u, u, in ſuch manner, that the Centers of the Rings are in the 


refore is pro- 


of the Thickneſs of the Solid A. | 
The Apertures of the Rings are of one Inch Diameter, and their 


Planes are perpendicular to the Board M, and the Curve a / drawn 
on the Board, 


EXPERIMENT. 


The Ball is let down from B, having roll'd to C, is there hort- 
zontally projected, and falls at F, and in the mean time paſtes 
thro' the Rings O, O, O, O. | 

What has been ſaid of the Curve run thro' by a Body horizon- 
tally projected, belongs alſo to any Projection whatever. 

Let a Body be projected along AE; and let AB, BC, CD, 
DE, be equal; the Body will paſs along the Curve AFG HI iO, 
that the vertical Lines BF, CG, DH, EI, will be to one. at 
other, as 1. 4. 9. and 16*; in which Caſe allo the Curve 3 call'd 
a Parabola, un; 55 
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DEFINITION. 


Let AI be a Plane paſſing thro A, if the Curve mention'd cuts 
„ in I; AT 1s call d the Amplitude of the Caſt. 
The Motions of Bodies, which are projected with the fame Ce- 
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lerity, according to Directions differently inclin'd, may be com 


d with one another. 
And a Body may be projected to a given Diſtance, with a given 
Celerity, in a given Plane. | 


Let the given Celerity be that, which a Body acquires in falling 
from the Height MA, which we ſuppoſe to be perpendicular to 


the Horizon A L, and let the Body be to be projected in the Plane 
Altol. MN being drawn parallel to the Horizon, let AN be 
rais'd perpendicular to the Plane AJ, cutting MN at N; with 
the Center O, the middle Point of the Line AN, let a Circle 
be deſcrib'd thro' A, paſſing thro' M alſo. Let A R be a 
fourth Part of the Line A I; thro' R let there be drawn the Line 
R, perpendicular to the Horizon; that is, parallel to the Line 
AM, which cuts the Circle in B and &; if the Body be projected 
along AB, or A 6, it will fall at I. By which Method the Di- 


rection of the Caſt is determin'd, whether the Point be in the hori- 


contal Line, paſſing thro' A, in which Caſe M and N coincide, or 
in any Plane, inclin'd above or below this horizontal Line. 

Let us ſuppoſe the Direction to be well determin'd. The Body 
can run thro' AE, in the Time in which it falls thro' EI, with 
an equable Motion, and ſuch a Celerity, as it had when the Pro- 
jection was made &. But becauſe the Body is projected with a Ve- 
locity, acquir'd in falling thro' M A, it can run thro' the double 
of MA with the ſame equable Motion, in the Time in which it 
falls from the Height M A *. The Spaces, paſs'd thro' with the 
lame, and an equable Velocity, are as the Times in which they are 


pals'd thro' +; therefore the Time of the Fall thro' MA is to the + 


Time of the Fall thro E I, as the double of M A to AE. There- 
fore 2 MA is to AE, as MAistoEIl*. Which Proportion 


7 
14 


action, it will appear that the Direction was well determin'd. 
Let MLB be drawn, and we have the Angle BAR, form'd by 
e valgent AR“; for it is perpendicular to the Radius A O, 


1 
41 


2 ' Y » . — a 4 
in the oppoſite Segment +. The alternate Angles RB A, 
M. 


2 arc 


1 oy the Line AB, cutting the Circle, equal to the Angle 


547. 
548 


thereiore, if we demonſtrate it to be given in the foregoing Con- 


550. 


* 10 El. III. 


+ 32 El. III. 


iv allo equal “; therefore the Triangles A B R, AMB, 29. El. I. 
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32. El. I. are equi-angular *; and the Lines MA, AB, B R, are 
+4. El. VI. tional 


1 El. V fore 2M A*is-to 2 AB., or A C4, as M A is to BR} 
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propor- 


+ ; therefore MA is to AB., as MA is to BR || ; there. 


; b ; 
tiplying the Conſequents by four, we have 2 MA js to Gr 


multiplied ..by four; that is, 2 AC a, or AE, as MA s 


*4 El. v. 4B R, or EI, which was to be demonſtrated. 


4 551. 


552. 


* 374. 


3 * 
Pd XIX 


Fig. 5 


. 548. 


* 360. 


It is a like Demonſtration, if a Body be projected along A. 


Whence it follows, that a Body may be 2 along two Direc- 


tions, ſo as to fall on the ſame Point; 
. greateſt of all, to which the Body can be projected, with a given Ve- 


ut if the Diſtance be the 


; focity, in a given Plane, there is only one Direction, along which 
Abe Body muſt be projected; the Points B and 6, co-inciding in Q, 
the middle Point of the Arc M Q A, from which the Points B and 
. 6 are always equally diſtant. 

If the Celerity be chang'd, and the Body be projected according 
to the ſame Direction, the Amplitude in the ſame Plane, is chang'd 
in the ſame Ratio with the Height AM; that is, tbe Amplitudes, 
when the ſame Direction remains, are as the Heights, from which 
the Bodies by falling, can acquire the Velocities, with which they 
are projected; therefore they are as the Squares of the Celerities &. 

It AI is horizontal, the Arc AQM, is a Semi-circle, and in 
this Caſe the Amplitude, the Celerity remaining, with which the 
Projection is made, 7s greateſt of all, when the Direction of the 

Projection makes an half Right Angle with the Horizon. 

Let M A be the Height again, from which a Body falling ac- 
quires a Velocity, with which it is projected along A B; the higheſt 
Point of the Way paſs'd thro' is determin'd, if a Semicircle being 
deſcrib'd, whoſe Diameter is AM, the horizontal Line T B G be 
drawn thro' the Point. B, in which it is cut by the Direction of the 
Projection, and B G is equal to B T, the Point ſought will be G. 

The Demonſtration of this will appear, if we attend to what 
follows; the horizontal Line A I being drawn, the Body projected, 
as mention'd, will fall at I, ATI being put quadruple of T B, ot 
ART. | 
Whilſt a Body is projected along A B, this Motion co-incides 
with a twofold Motion, one horizontal and equable, the other 
vertical *, By the laſt Motion the Body aſcends and deſcends, 
and the Time of its Aſcent is equal to the Time of its Deſcent ; 
therefore the Aſcent is terminated, when the Body paſſes thro' the 
half of AI; that is, T G, with an horizontal Motion; therefore 


the higheſt Point is given in the vertical Line 8 ©, which pm 


| 
{ 
| 
| 
| 
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thro' G. Let there be the Verticals I E and BR, the firſt of 
which cuts A B continued in E: becauſe T G is double of T B; 

that is, A 8 is double of AR; CS alſo is double of BR, or G S; 

that is, CG is equal to G 8: But Al is double of AS; therefore 

FE1 is double of C8, and quadruple of CG; AE alſo is double 

of AC. Whilſt the Body runs thro' AE with a projectile Mo- 

tion, it falls thro' EI; whilſt it runs thro' A C, it falls thro? a 
fourth Part of E I; that is, goes thro' CG, in its Fall“; therefore * :-;. 
in its Motion it paſſes thro' the Point G; but the higheſt Point is 

ven in the Line C8, it is therefore the Point G. 

If there be given a Curve, run thro by a Body, the Felicity 5 50. 
which the Body has in any Point, as F, is that, which the Body can 
acquire by falling from an horizontal Line, drawn thre M, to the 
Point F. For the Body can afcend to this horizontal Line, thro! 
any Plane, from A, with the Velocity with which it is projected x; 39. 
now if a Plane be given, agreeing with the way of the projected 
Body as far as F, but bent upwards in F, the Body will have at F 
that Velocity, whereby it can come to the horizontal Line men- 
tion'd, along this Plane; that is, which it can acquire by falling 
from that horizontal Line to F *. | # 200; 

Let a Body be to be projected from A thro' the Point H to I, „ 
theſe three Points being ſuppos'd to be in the ſame vertical Plane, Plate X1x. 
and the middle Point above the Line which joins the other two. Fig. . 
Let AL be horizontal, and LE, ND, AM. perpendicular to it 
thro' three given Points. Let there be drawn the Lines I A, I H, 
from I thro' the Points A and I, the laſt of which cuts A M in 
P; let G D be equal to AP, and A D the Direction of the Caſt, 
or Projection, is had. The Celerity is diſcover'd, if AR being 
taken a fourth Part of AB and RB being drawn vertical, Which 
cuts A D in B, B M be draven ſo, that the Angle A BM be equal 
to the Angle ARB, the Velocity ſought, is that which the Body 
acquires in falling from Mito A. 

The Body projected runs thro' AE and AD, with an equable 958 
Velocity, whilſt it falls thro' E I and D H: therefore that we may 
d.monſtrate the Body to paſs thro” the Points H and I, we muſt © 


demonſtrate AE" to be to A 7, Or E LA to DG, as EI is to «» 22 E 1. 


DH. 

In the ſimilar Triangles I HG, IPA, AI is to AG, as AP, 
or DG, is to DG minus G H, that is HD. But in the ſimilar 
Triangles AE I, AD G; Als to A G, as El is to DG; there- 
tore.E Lis to D G, as GD is to HD; therefore EI is to DG. ws 

KR. J. 
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360. 


® 540. 
560. 
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562. 
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EI is to HD*. Which was to be. demonſtrated. But it vil 


appear, that the Velocity is rightly determin'd fror | 
Fig. 6. with 4. if we attend to 3 Pre B, M, which 8 
with the ſame Letters in both Figures. In Fig. 4. we have d 
monſtrated, that a Body projected along A B, with a Velocit 4 
quir'd in falling thro' M A, paſſes thro' I, and we led he 
trym the Similitude of the Triangles AMB, BA Rx. In . 6 
the ſame Triangles are alſo ſimilar, which follows from the Gon 
ſtruction; therefore the ſame Concluſion takes place here alſo. 


C HAF. - XXII. 
Of Central Forces. 


M Body in motion continues its Motion in a right, Line &, and 
does not recede from it, unleſs a new Impulſe acts upon it; 
after ſuch an Impulſe the Motion is compound, and fo from the 
two there ariſes a third Motion in a right Line alſo *. If therefore 
a Body is mov'd.in a Curve, it receives a new Impulſe every Mo- 
ment; for a Curve cannot be reduc'd to right Lines, unleſs you 
conceive it divided into Parts infinitely ſmall, We have an Exam- 
ple of that Motion in the Projection of heavy Bodies *; and an- 
other in all Motions round a Point as a Center. 

If a Body, that is continually driven towards a Center, be pro- 
jected in a Line that does not go thro' that Center, it will deſcribe a 
Curve ; and, in all the Points of it, it endeavours to recede from 
that Curve, according to the Direction of a Curvature ; that is, of 4 
_Tangent to the Curve; ſo that if the Force driving towards the 
Center ſhould immediately ceaſe to act, the Body would continue 
its Motion 1n a right Line along the Tangent. 

A Stone whirl'd raund in a Sling deſcribes a Curve, becauſe the 
Sling does every Moment, as it were, draw it back towards the 
Hand; but, if you let the Stone go, it will fly out in the Tan- 


gent of the Curve. 
DeINXIT IOX I. 


; The Force with which a Body, in the Caſe above-mention'd, endea- 
vous to fly from the Center, ſuch as the Force by which the Sling 
in motion is ſtretch'd, is call d a centrifugal Force. 


Dx- 


G 


>: 


Tl 


7 — 
— — 


Chap. 23. of Natural Philoſophy. 


DEFINITION 2. 


But the Force, by which a Body is drawn, or impell'd towards 563, 
that Center, is call'd a centripetal Force, | 


DEFINITION 3 


Theſe Forces are by a common Name call'd central Forces. 564. 
In all Caſes, the centrifugal and centripetal Forces are equal to one 565. 
anthoer ; for they act in contrary Directions, and deſtroy one an- 
other. By the Centripetal Force a Body is retain'd in a Curve, and 
by the Centrifugal it endeavours to recede from it. The whirl'd Sling 
is equally ſtretch'd both ways *, and the Stone endeavours to recede 361. 364- 
from the Hand with as much Force as it is drawn towards it. 1 
Central Forces are of great uſe in Natural Philoſophy ; for all the 566. 1 
Planets move in Orbits, and moſt of them, if not all, turn upon 1 
their Axes. 1 
I ſhall chuſe out the chief Propoſitions relating to theſe Forces, 1 
and explain them, and confirm them by Experiments, and ſhall : 
demonſtrate them in the Scholia, annex'd to this Chapter. 
But ſome things in general muſt be premis'd concerning the Ma- 
chines, with which theſe Experiments are perform'd. 


4A MacuiNng, whereby the Experiments of Central Forces are 


demonſtrated. 
This Machine has a wooden Stand, conſiſting of three Parts, AB, 567. 
CD, which are join'd by a third E F. Plate XX. 


This Stand is put upon four Rollers, two of which are repre- 

lented at G, G. Theſe, beſides their Motion round their own 

Axis, turn about a vertical Axis together with their Box, that the 

Machine may be eaſily mov'd in any Direction. Such Rollers are 
commonly uſed at this Time. But when the Experiments are to 

be made, the Machine muſt be fix'd, by raiſing the Rollers a little, 

by help of the Screws H, H, H, H; by which the Machine is 

allo plac'd in ſuch a Situation, as is requir'd in the Experiments, 

which is ſhewn by the plumb Line a b. | 

Upon this Stand are plac'd two Pillars IL, MN; which are 508. 

zoin'd to one another, by the tranſverſe Piece QR. 

I chall now ſpeak of IL only, and I exhibit a Section of it by Plate XX1. 

Iticlt, in which I have mark'd with greater Letters, what I have S 

repretented in the general Figure by the ſame Letters ſmaller. 


Yor; J. 8 To 
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Plate XX. 
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To this Pillar is join'd an iron Axis AB, which ſtands upon th 
Support C; to which is applied the Steel Plate e, hollow's 
little, which receives the End of the Axis, that it may be t : 
about eaſily. 

The upper Part of the Axis is retain d by the Arm N O, Which 
embraces the Collar of the Axis ſo, that the turning round of the 
Axis is not hinder'd ; which how it is done, will appear by com- 
paring Fig. 1, 2. of Plate 23. 

To the Axis are join'd four wooden Wheels D, which the Axis 
paſſes thro' ; but the Holes of the Wheels are ſquare, and the Axis 
fills them exactly; the Wheels are faſten'd by means of the 
Screw m. 

The Diameters of the Wheels are meaſur'd from the Bottom of 
the Groove, but there is added to each the Diameter of a Rope, 
which is put round them, and of which I ſhall ſpeak in what fol- 
lows; and the Diameters, thus determin'd, are, the firſt four 
Inches, the ſecond five Inches, the two loweſt are equal, and ſix 
Inches in Diameter, The Bottom of the Grooves is arm'd with 
ſmall iron Pins, that they may retain the Rope. 

The Axis a 6 of the Pillar MN, (Plate 20.) differs from the 
Axis of the other Pillar only in the Largeneſs of its ſmaller Wheels, 
and is repreſented by itſelf in Fig. 2. Plate 23. The Diameters 
of the three upper Wheels, which are equal to one another, and 
to the Diameter of the upper Wheel of the other Axis, are of four 
Inches; the Diameter of the lower Wheel is of three Inches. 
Theſe eight Wheels are of the ſame Thickneſs, 

At the upper End C, of the Axis A B, there is faſten'd to it the 
copper Plate DD, which the Axis paſſes thro' at C, that it may 
be better faſten'd ; but that all Inequality of the Plate D, ariſing 
from the Iron paſſing thro' it, may be taken away, this is cover'd 
with a larger copper Plate II, which is join'd to the firſt by four 
Screws u, u, u, u, Whoſe Heads are not rais'd above the Surface of 
the Plate, but make the ſame Plane with it. 

Such a Plate is applied to both of the Axes, and both in the ge- 


urn'd 


neral Figure are mark'd with the Letters 7 7, 2 i. 


Both the Axes, d and e, being applied to the Machine, are 
turn'd about by a Rope carried round them, by help of the Wheel 
d; but many things are to be oÞſerv'd with reſpect to this Mo- 
tion, which muſt be explain'd diſtinctly. \ : 

In the middle, between the Pillars IL, MN, there is a ſmaller 
Pillar OP; this anſwers to the ſquare Part S of the tranſyerſe n. 
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R, and 1s join'd to this Part, by two thin Pieces, or wooden 
Plates ef, ef, in ſuch manner, that the Space, between the End 
P of the Pillar, and the Solid S, remains empty. 

To the upper Surface of the Picce S there is apphed a wooden 
Head T, whoſe Tail goes thro' the Solid 8, that the Head may be 
faſten'd by help of the Wedge g, which is repreſented by itſelf at T, 
(Plate 21. Fig. 2.) This may be faſten'd at different Heights, by ap- 
plying the wooden Rings V, V, V, thro' which the Tail 46 goes, 
and all of which, or ſome of them are plac'd above, or below the 
Piece 8, according as the Head is to be rais'd more, or leſs. The 
Thickneſs of the Rings is equal to the Thickneſs of the Wheels 
above-mention'd &. x 

To the ſame Head T are faſten'd four Pulleys h, i, m, n, the 
laſt of which does not appear in the general Figure; h and n are 
vertical, the other two are horizontal. 

A Rope being put round the Wheel d, deſcends towards the 
Pulley h, and is bent by it, that it may be made horizontal, and 
come to i, whence it is carried to that Wheel d, which anſwers to 
the Pulleys, and thence goes to the correſponding Wheel at e, 
which it goes round, tending to the Pulley m, whence, paſling 
over the Pulley n, it returns to the Wheel d, by turning round 
which both the Axes ab, a b are now mov'd. 

The Height of the Head being alter'd *, the Rope is put round 
other Wheels at d and e, which then anſwer to the Pulleys i and m; 
of which we muſt further obſerve, that the firſt is rais'd above the 
lecond about an Inch, that there may be no Friction between the 
Parts of the Rope. 

The Wheel d is eaſily turn'd round, for its Axis c, which is of 
Steel, well work'd, and poliſh'd, turns in copper Plates. The Pillar 
X,Y\ſupports this Wheel, which ſtands upon the Piece Z Z; which 
is faſten'd between the Parts AB, C D, of the Stand of the Ma- 
chine, and may be turn'd about, that the Pillar may be inclin'd, 
and the Wheel d, remov'd from the Head T; whereby the Rope 
is ſtretch'd, when the Screw lo, which paſſes thro' the Pillar 
XY, is turn'd round, that it may preſs the Pillar O P. All this 
«ppears diſtinctly, if we compare Fig. 3. Plate 21. with this Fi- 
gure, which repreſents a Section of the Wheel d, and the Pillars 
X Y ) and O P . 


According to the different Inclination of the Pillar x y, the Di- 


count a Piece of Wood G H is applied to the Side of the Pillar op, 
8 2 whoſe 
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cction of the Preſſure of the Screw Jo is different; upon this ac- Fin 2 


1 
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whole Figure is ſuch, that the Screw may always preſs its Surface 
perpendicularly. 


The Surface of it G H is a Curve, and the Evolute of this Curve 


is a Circle; but in Practice it will be ſufficient, if we determine 


this Curvature after the following Method. 

Let E be the Point, about which the Axis of the Pillar + , 
turns; EN is a Portion of this Axis, which is terminated in the 
Axis of the Screw lo. Let E M be vertical; that is, parallel to 
the Axis of the Pillar 9p, and equal to EN. With the Center E, 
let there be deſcrib'd the Arc MN F of a Circle, thro' M and N, 
equal to the greateſt Inclination of the Pillar xy; which Inclina- 
tion is determin'd at pleaſure, Let FH be a Tangent to this Arc 
at F; thro' M let MG be drawn horizontal, and let this be con- 
tinued, till it cuts FH in L; with the Center L, and Radius LG, 
a Portion G Hof a Circle is deſcrib'd, which determines the Cur- 
vature ſought for. The Diſtance, between G and the Surface ef, 
is taken at pleaſure, and this determines the Thickneſs of the Wood 
in that Place, 

The Wheel d is mov'd by a Handle, applied at c; but in many 
Caſes the Motion, and chiefly the Acceleration in the Beginning of 
the Motion, is not regular enough by this Method ; I then make 
uſe of another, the Handle being remov'd. 

To the Wheel d another greater Wheel p is join'd, which turns 
upon the ſame Axis with the firſt; to the Wheel p is faſten'd the 
Rope q, one of whoſe Ends ſticks in the Bottom of the Groove, 
whereby the Wheel was encompaſs'd ; to the other End of the 
Rope is hang'd the Weight r of fix Pounds. | 

The Weight by its Deſcent communicates Motion to the Whee!, 
which is accelerated regularly; but the Acceleration is greater, 0! 
leſs, according to the different Circumſtances, but chiefly depend. 
upon the ſtretching of the Rope, which moves the Wheel d, and 
every thing elſe. But to hinder all Action of the Weight r upon 
the Machine, when its Motion is finiſh'd, there is a third Raye 
tt, whoſe End is fix'd in ſome elevated Place, anſwering to the 
Machine, whilſt the other End is alſo tied to the Weight r; thus 
Rope retains the Weight, when it comes to a determin'd Depth. 5 

This is the general Explanation of the Machine, in which I Rave 
ſaid nothing of what is put upon the Plates 7 7, 77; this1s different 


in diffe:cnt Experiments, and the Explanation of this will be better 


underſtood, when I ſpeak of the Experiments. e 
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hen a Body laid upon a Plane, is turn'd round a common Center 579. 
tegether with that Plane, in equal Time, and deſcribes a Circle; if 
the centripetal Force, whereby the Body, every Moment, is drawn or 
driven towards the Center, ceaſes to act, and the Plane continues its 
Motion with the ſame Celerity ; the Body begins to recede from the 
Center, with reſpect to the Plane, along a Line which paſſes thro 
the Center. | 

The Body does indeed endeavour to recede along the Tangent &, * 561 
but the Point of the Plane, to which it anſwers, is mov'd with the 
{ame Velocity with the Body, and the Motion along the Tangent 
of a quieſcent Circle, 1s, in the firſt Moment, a Motion along the 
Radius of a Circle, mov'd with the ſame Velocity with the Body. 


EXPERIMENT 1. 


The Machine deſcrib'd above muſt be made uſe of *; but in 580. 
that State, in which I have exhibited it: that is, we ſuppoſe it to Plate XX. 
have every thing remov'd from it, that is repreſented as plac'd ny 
upon the Plates 7 7, 11, in this Table, 

Upon one of theſe Plates, that for Example which is join'd to 
the Pillar MN, whoſe Head h may be remov'd, the circular plate XXII. 
Board A is plac'd, of about two Foot Diameter, and above half an Fs: 1. 
Inch thick; this Board is faſten'd by two Screws, going thro' the 
Holes mm, Plate XXIII. Fig. 2. And, that it may be more firm, 
it has its lower Part made hollow, to receive the Plate, as is ſhewn 
in E, where the middle Part of the Board is repreſented in an in- 
verted Situation, and leſs diminiſh'd. 

Upon this Board is put the Ball B, tied to the String, one of 
whoſe Ends is faſten'd to the Pin C, plac'd in the Center. 

Now let the Machine be mov'd by the Handle *, in the Begin- * 577: 
ning the Ball is mov'd ſlowly, but is continually accelerated, till 
it performs its revolution, in the ſame time with the circular Board, 
in reſpect of which it is then at reſt. In this Situation, the Ball 1s 
retain'd by the String only, tied to the Board; therefore it ſuffers 
no Impreſſion upon the Plane, except that by which the String is 
ſtretch'd ; that is, whoſe Direction paſſes thro' the Center of the 
Board: therefore, if the Body be leſt to itſelf, it cannot in the firſt 
Moment be mov'd on this Plane according to any other Direc- 
tion. 

A Body projected, and acted upon by a Force, tending towards a 581. 
Center, is mov'd in a Plane, paſſing thro” the Line, according to 


Wb the Body is projected, and thro the Center of the Forces. 7 
Ihen 
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When a Body is mov'd round a Center, if, whilſt it is moving i, 
draws nearer to it, its Motion is accelerated; on the contrary 15 . 
retarded, if it recedes from the Center, 88528 

In the firſt Caſe the Motion, ariſing from the central Force 
conſpires, in part at leaſt, with the Motion already impreſod on. 
the Body ; in the ſecond Caſe, theſe Motions are contrary, 


EXPERIMENT 2. 


Let the circular Board, mention'd in the foregoing Experiment 
be taken away, and in the ſame Place let the iron Ruler AB be 
applied, which is faſten'd by the Screws c, c, going thro' the Holes 
n, m, Plate III. Fig. 2. as was ſaid of the Board, in the foregoing 
Experiment. 

This Ruler is broader in the Middle, and at its Ends the ſmall 
copper Pillars E, E, are put upon it. 

Upon this Ruler is put the wooden Box FF, to whoſe Ends 
the copper Plates L, L, are join'd, thro' whoſe Holes c, e, the 
Ends of the Pillars E, E, which are cut into a Screw, penetrate, 
that the Box may be faſten'd. The Bottom of it is almoſt an Inch 
thick, and is made hollow beneath, and receives the Ruler, as ap- 
pears at G. Two Screws D, D, going thro' the Bottom of the 
Box, go into the Ruler in d, d, that the Box may be {till better 
faſten'd. | 

In the middle of it there is a tranſverſe wooden Piece H, perto- 
rated in the middle, to receive the wooden Cylinder, or rather 
truncated Cone I, which does not reach to the Bottom of the Box, 
aid ſtands above H one Inch at leaſt. A Glaſs Tube, about a 
quartcr of an Inch in Diameter, paſſes thro' this Cylinder, and 
ſticks in it. The Apertures of this Tube are ſo narrow'd, its Ends 
being melted by the Flame of a Lamp, that there remains only a 
{mall Hole in the middle of each End, which anſwers to the Center 
of the Motion of the Box, when the Machine is mov'd. | 

A Ball tied to a Thread, is put into the Box ; the Thread 1s put 
thro' the Tube mention'd, ſo as to go out of the upper Aperture, and 
to be reach'd by the Hand, which holds the End of the Thread, 
whilſt the Box is turn'd round by the Motion of the Machine. 

In this Motion the Ball is applied to the Side of the Box, and is 
carry'd about ſo, as to be mov'd with equal Celerity with the Box. 
Let the Thread be drawn, that the Ball may come nearer to the 
Center, it will immediately run to the oppoſite Side of the Box, 


becauſe it is mov'd faſter than the Box. Now if the Hand be 


mov 
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mov'd towards it, the Ball recedes from the Center, and returns 
to the firſt Side of the Box; becauſe it is carried ſlower than it. 
Setting aſide the Acceleration and Retardation, which we un- 
dertook to demonſtrate by this Experiment, the ſtriking againſt the 
Sides of the Box, which was mention'd, will alſo take place; be- 
cauſe, when the Ball is mov'd towards the Center, it deſcribes a 
ſmaller Circle; and therefore, if it keeps its Velocity, when it an- 
ſwers to a Point of the Box mov'd flower, it is mov'd faſter than 
the Box, But in this Caſe, when the Breadth of the Box is four 
Inches, if the Diſtance of the Ball from the Center be one Foot, 
it muſt be drawn towards the Center almoſt two Inches, that it 
may run to the oppoſite Side of the Box, after an whole Re- 
volution: but I obſerve in the Experiment, that the ſtriking is 
made in a ſmaller time, alſo in a ſmaller Approach of the Ball to 
the Center. 

I determine in the firſt Scholium following, the Acceleration in 
the Approach of the Body towards the Center, and the Retardation, 
as it recedes from it. 

A Body, which is retain'd in a Curve, by a Force tending to- 
wards a Center, deſcribes Areas, about this Center, proportional to 
the Times. | 

Let there be a Body running along the Curve ABDE, in which 
it is retain'd by a central Force, tending towards C; if Lines be 
drawn at pleaſure, as AC, BC, DC, EC, the Area of the 


mixt Triangle ACB will be to the Area DCE, as the Ture, 


in which A B is run thro' by the Body, is to the Time, in which 
DE is run thro”. 

I demonſtrate alſo the Inverſe of this Propoſition, That 4 Body, 
which is mov'd in any curve Line in a Plane, and deſcribes Areas 
about a Point, proportional to the Times, is turn'd away from the 
right Line, and acted upon by a Force tending to the ſame Point. 

| muſt now ſpeak of comparing central Forces one with another, 
which that it may be done we muſt conſider, That the centripetal 
Force is a Preſſure, acting upon a Body. When a Body in every 
Point is bent from a Right Line, in every Moment the bending 
from a right Line is the immediate Effect of the Preſſure, ſo that 
what is demonſtrated about the Actions of Powers, acting upon 
Obſtacles left to themſelves, may be applied here *. 

* greater the Quantity of Matter is in a Body, With the more 
Hculty, ceteris paribus, by reaſon of the greater Inertia, zs 17 
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It 


- Ogg —_—_ 


136 


589. 


7 


Fig. 4. 


501. 


O 


Mathematical Elements Book J. 


If Fluids, whoſe equal Bulks weigh unequal ly, be included in 3 
determin'd Space, fo that the heavier cannot recede from the 
Center, except the lighter come to it, and are diſpos'd in ſuch 
manner, that the heavier go towards the Center by their Weicht 
in their Motion round the Center the lighter are carried towards it 
and the heavier fly from the Center, | 

If a Solid be included with a Fluid in a determinate Space, i: 
goes to the Center, if it is lighter than the Fluid; if heavier, i 
recedes from it. All which things ariſe from the greater centrifugal 
Force in the heavier Body. ; 


EXPERIMENT 3 


The Iron Ruler, made uſe of in the foregoing Experiment, he. 
ing remov'd, inſtead of it the wooden Ruler AB muſt be applied 
to the Machine, and faſten'd, to which are join'd two other Rulers 
DE, DE, plac'd obliquely, and made hollow, that to each may 
be applied the Glaſs Tube F, G, about a Foot long, and of about 
an Inch Diameter. Many ſuch Tubes are wanted; I have repre- 
ſented them in the Jig. hermetically ſeal'd, but we make uſe of 
others alſo, having one of their Ends ſhut by a Glaſs Stopple, which 
is cover'd with a Bladder or Piece of Leather, that the Stopplc 
may be kept in: four ſuch are ſufficient, the firſt, as F, contain: 
Mercury with Water; the ſecond, Oil of Tartar per 'deliquium, 
and Water ; the third, as G, Water with a Piece of Cork ; laſtly, 
in the fourth, there is Water with a Ball of Lead. The two til 
are applied to the oblique Rulers, and the Machine is turn'd round, 
the Mercury in the firſt, and the Oil of Tartar in the ſecond, im- 
mediately take place in the higheſt End of the Tube. 

If we make uſe of the third and fourth Tube; in the third the 
Cork applies itſelf to the lower Surface of the Water, rais'd by the 
Motion of the Machine, whilſt in the fourth the Ball of Lead patlcs 
thro' the Water, and joins itſelf to the Glaſs. 

In all of them, if they are not fill'd, the lower Part of the Tub. 
is empty, in the Experiment. 

What I have hitherto deliver'd is general, but central Folds 
muſt be examin'd more diſtinctly, and accurately meaſur'd, by 
comparing them one with another. a 

Theſe Forces differ not only in reſpect of the Quantity of Mat- 
ter, but the Diſtance from the Center cauſes an Alteration alſo, I 
the Celerity likewiſe, with which the Body goes round; beſide 


. . . - - »4 n g al 
theſe, there is nothing diſcover'd in thoſe Forces, which _ aa 
ifferene 
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Difference between them; and in comparing theſe, thoſe Things 
only are to be conſider d. | 


DEFINITION 4. 


The periodical Time, ts the Time in which a Body, revolving about $592. 
a Center, performs one entire Revolution ; that is, if it deſcribes a 
Curve, which returns into itſelf, the Time paſs'd between its re- 
ceding from a Point, and its Return to, the fame Point: if the 
Curve does not return into itſelf, a Line, paſſing thro' the Center, 
is to be taken for that Point. g 

The periodical Time depends upon the Celerity of the Body; 593 
and therefore, in comparing central Forces, this Time may be 
conſider'd inſtead of the Celerity. 


Things to be added, to the Machine explain'd in Ne 567. for 
comparing central Forces with one another. 


Thoſe Things, which are to be added to the Machine, men- 594. 
tion d, are put upon the Plates zz, ii, Plate XX. and theſe I Plate XXIII. 


here exhibit ſeparately; but the Things applied to each of the — ext. 
Plates are alike. Fig. 1. 


I repreſent one of them in II, upon this are plac'd the ſmall 
copper Pillars F, G; whoſe lower Ends go thro' the Holes w, m, 
whilſt the Baſes are applied to the Plate, to which they are join'd 
faſt, by the Screws /, J. 
Theſe Pillars are join'd together by the Plate QR, which they 
ſupport, and which the Cylinders, or Screws, join'd to the upper 
Part of the Pillars, go thro”. 
To this Plate another ſmaller Plate L is join'd underneath ; 
this is moveable, and may be remov'd out of its Place, as appears 
more plainly in Fig. 3. The Plate Q R has a Hole in the middle of 
it, and there is another Hole in the Plate L anſwering to it; but 
when a Thread paſſes thro' both Holes, the Plate L is moveable, 
_ the Thread remains, by reaſon of a Slit in the Side of it a, 
8.3.0 
Io the Plate mention'd QR there is join'd an iron Ruler ST; 595. 
whoſe Part S 5 is broadeſt, and its Breadth is three quarters of an 1 
Inch, whilſt the Breadth of the other Part 5 T ſcarce exceeds a 
quarter of an Inch; but the Thickneſs of the Ruler is every where 
the ſame, and is equal to half an Inch. 
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The upper Ends of the Pillars G and F, (Fig. 2.) go thro' this 


Ruler at c and e, riſing above QR, and the Ruler is faſten'd by 


the Screws d, d. 


Between the Holes c, e, there is a greater Aperture, which cog. 
tains the little Wheel M, moveable about an Axis; and ſo placed 
that a Thread, paſſing thro the Holes of the Plates QR and L, may 
touch the Wheel in ſuch manner, as to be bent towards e, When it 
is put round the Wheel. 

This Thread is faſten'd to the Cylinder H, to which is joined 
at its lower End, the ſmall Plate, or Nut , which the Cylinder 
goes thro' in ſuch manner, that its lower End : paſſes thro' the 
Plate Y, and remains below it, 

This Cylinder is put upon the Plate I I, and ſtands upon the 
Plate Y, whilſt its lower End 2 goes into the Hole 9. 

The upper Part / of the Cylinder is broadeſt, and it is not above 
a tenth Part of an Inch diſtant from the Plate L, that it may be 
rais*d but a little, leſt the Thread ſhould be ſeparated from the lit- 
tle Wheel, the upper Part of which is alſo retain'd, as I will now 
ew. The End-P of the Pillar F, which goes thro' the Hole e, 
ſtands almoſt half an Inch above the applied Plate d; this Part is 
open by an Inciſion in ſuch manner, that the Thread, which is 
extended from M towards T, freely paſſes thro' this Inciſion; and, 
that it mayn't ſlip out, the Screw þ paſſes tranſverſly thro' the upper 
Part of the Inciſion. The Knot N keeps the Thread extended, tor 
it is applied to the Inciſion at P, when the Plate h is put upon the 
Plate II, and fo hinders the Thread from being ſeparated from the 


little Wheel M; but it does not hinder that ſmall Aſcent of the 


Cylinder H, which I mention'd. 

This Cylinder H, with the Plate þ added to it, weighs exacth 
two Ounces; but this Weight may be increas'd, and any how Va- 
ried, by help of cylindric leaden Weights, of one, two, four, cight, 
ſixteen Qunces, (Fig. 5.) Theſe have a Hole in their Axis, and 
the Cylinder H exactly fits the Cavity of each of them, when it! 
put 1NtO it. | | 

When a Weight is to be added to the Cylinder, the Plate L. 
remov'd out of its Place, then the Cylinder H may be rais' d, unt 
taken out of its Place, that any Weight, when the Plate 15 tax0! 
away, and many Weights if requir'd, may be added to it; then 
is join'd again, and the Cylinder is put into its form er Situation. 
and the Situation of the Plate L is reſtor'd. Theſ: 


ft wa wo et 
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Theſe Things being thus order'd, if the Thread, often men- 
rion'd, be drawn towards T, the Cylinder H, with the Weight 
ſaſten'd to it, is rais'd, but it can be rais'd only a little. But in the 
Experiments we ought to determine exactly the Moment of its Riſe, 
which is perform'd by the following Method. 

The copper Plate q 7 is applied to the Ruler 8 T, between the 
End S and Hole c, and faſten'd with Screws, upon which Plate 
two copper Supports ſtand, the firſt oi which ſuſtains a ſmall Bell 
O, like thoſe that are uſed in Watches; the ſecond 7 g ſupports 
Hammer v, which ſtrikes the Bell; the Tail of the Hammer 
turns upon a Pin at g, made of ſmall Braſs Wire. The Hammer 
falls by its own Weight, and ſtrikes the Bell, but is hinder'd from 
remaining upon it by the Steel Spring 5. | 

The Arm Z f is join'd to the Support 7g; this ſuſtains a ſmall 
copper Lever bd, which is moveable about 2, and which retains 
the Tail of the Hammer at b, which 1s then rais'd, but 1s let looſe 
by the ſmalleſt Action applied at d. But Care muſt be taken, that 
the Hammer be not let go by means of the Preſſure, acting at v, 
and tending downwards; then it will keep its Situation, even when 
the Machine turns very ſwiftly. A braſs Wire x y, which is ſmall, 
claſtick, and bent, is join'd to the Supporter 7 g, and preſſes the 
Lever bd gently at y, when it retains the Hammer, 

A ſmall Thread is tied to the Thread of the Cylinder H, at the 

Knot N; this paſſes thro' a Hole in the End d of the Lever, and 
thro' a Hole in the Head of the Pin alſo, about which the Lever 
turns at , and is brought to a ſmall copper Wedge a, which it is 
ſo wound round, that the Length of the Thread may be alter'd ; 
but this muſt by Tryals be ſo determin'd, that the Cylinder H may 
be rais'd a little, before the Hammer is let looſe ; which neverthe- 
lels ought to be let go, if the Cylinder riſes a little higher, and in- 
iced before its Surface / comes to the Plate L. See Plate XX. 
The Thread of the Cylinder H is join'd to a greater Cylinder V, 
which the iron Ruler goes thro' *, upon which it is moveable be- 
teen þ and T; for this reaſon it is requiſite that the upper and 
ule Surfaces of the Ruler be very regular, and ſmooth, the upper 
cipcctally muſt be well poliſh'd. | 

This Cylinder V is of Copper, and hollow, its Baſes are join'd 
to it by Screws, as is ſhewn in Fig. 6. in which the hind Baſe 
ls repreſented by itſelf, the true Magnitude being kept. 

The Aperture thro! which the Ruler paſſes is f, whoſe Height is 
ſuch, that the Ruler may paſs thro' it freely, which muſt be ap- 
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plied alſo to the Breadth of the Aperture, but ſo that it 


thro' n, may be eaſily inſerted between the Surface of the Baſe and 
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{carce ex. 


ceeds the Breadth of the Ruler in the middle. 
A Steel Ruler g, turning upon an Axis freely, which, t 
with another like it in the pe Baſe, 5 the Pied 
when the Cylinder moves along the Ruler, anſwers to the upper 
Part of the Aperture f. The Roller is ſmaller in the middle 18 
it may touch the Ruler leſs, when applied to it. : 
There is in the Baſe above the Roller a Hole n, thro' which 
the Thread of the Cylinder H is put, as I ſhall preſently mention, 
Theſe Things ate the fame in both Baſes, which differ in this 
only; to the poſterior Baſe there is join'd a ſmall copper Plate i. 
but' by one Pin m only, in ſuch manner, that the Thread paſſing 


this Plate; and it is retain'd by a cloſer Application to the Plate, 
by help of the Screw h, which, : paſſing thro'-the Plate i, goes into 
the Baſe. | 

The Cylinder Vis mov'd along the Ruler very eaſily and freely, 
becauſe it is ſupported by the Rollers; but that, which we call'd 
the poſterior Baſe, reſpects the End T, to which the Head e hav- 
ing a Screw in it is join'd, leſt the Cylinder ſhould fall, or when 
the Thread is looſen'd, to which it is join'd, be caſt off by the Mo- 
tion of the Machine. 

This Thread is the ſame as we ſaw before, to which the Cy- 
linder H 1s join'd ; but it is put thro' both the Holes, as n, (Fg. 6.) 
of the Baſes, and is retain'd by the Plate i, as was faid before; 
whereby a Body is hinder'd from receding from the Center of its 
Revolution beyond a certain Diſtance. 

This Diftance is determin'd by Diviſions mark'd on the Line bp, 
which makes one of the lower Angles of the Ruler; but 
the Diviſions, when they anſwer to the anterior Face of the Cy- 
linder, ſhew the Diſtances of the middle Point; that is, of the 
Center of Gravity, of the' Cylinder from the Center of Revolution 
of the Ruler. In my Machine the Diſtance between two Divi- 
ſions is half an Inch, and the greateſt Diſtance is fourteen Inches. 

The Weight of the Cylinder V is three quarters of a Pound; 
the Weight is communicated to it by two Pieces of Lead, which 
are join'd to the aftterior Surface of the Cylinder, in the lower Part 
of it, a little towards the Sides, 

The Weight of the Cylinder is increàstd by Rings, as 2; theſe 
cbntzin the Eyunder exactly: and when one of theſe is put round 
the Cylinder, che Strew'q is taken away, and the Ring is _ aj 
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the Hole r may agree with the Hole of the Screw, whereby the 
Ring is then faſten'd. | 

There are three ſuch Rings, the ſmalleſt weighs a quarter of a 
pound, the ſecond twice as much, the third three times as much. 
Upon the Cylinder V 1s inſcrib'd the Ne 3. on the firſt Ring is in- 
crib'd 43 the ſecond 5; the third 6; theſe Numbers expreſs the 
Weight of the Cylinder, whether it be uſed alone, or with a Ring | 
join'd- to it. 
That there may be an Equilibrium between the Parts of the 60 3. 
Machine, when it is mov'd; there is join'd to the End S of the | 
Ruler, by help of a Screw join'd to the Lever, a copper Tail X, 
which itfelf has a Screw ; the Weight of this is fuch, that the 
outward Screw Y being added, the Ruler may be in Aquilibrium | | 
about the Center- of Motion, When the Cylinder V is applied to | 
the Ruler, round Pieces of Lead, (as 2, 2, S, Plate XX.) are join'd | 
to X, that the Aquilibrium about the ſame Center may be re- | 
ſtor d. In my Machine theſe are fuch, that eight are requir'd, | 
when the Cylinder is put at the greateſt Diſtance from the Center, | 
and the heavieſt Ring is put round it, ſo that its Action is the great- 
eſt of all &. * 189. I 

But it muſt be obſerv'd, that a ſenſible Effect docs not: follow in 
many Experiments from a want of this Aquilibrum ; yet ſince, if | 
it is entirely wanting in the more violent Motion of the Machine, 
it will thence follow, that there will be a tremulous Motion of the 
Pillars IL, MN, (Plate XX.) it appears that this is not entirely 
to be neglected; but it is ſufficient, in particular Caſes, to deter- || 
mine the number of round leaden Pieces, to be join'd to the iron | 
Ruler, by a leſs perfect Computation; but I make uſe of this. I 604. | | 
multiply the Weight of the Cylinder by half its Diſtance from the 
Center, and the firſt Character of the Product expreſſes the Num- 
ber ſought for, which is increas'd by Unity, if the following Cha- | 
racter exceeds five. For Example, let the Weight of the Cylinder | 
be 5, its Diſtance - 14, whoſe half is 7, the Product will be 35 
three Pieces are to be applied. If the Weight were 4, the Diſtance 
* the Product would be 36, and the Number of Pieces would be 
gur. 

ben the periodical Times are equal, and the Diſtances from the 60 ;. 
Center equal,» the central Forces are as the Quantities of Matter in 
the Bodies revolving *, For in equal Times, Bodies are mov'd by 132. 587. 
central Forces, after the ſame manner. 
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EXPERIMENT 4. | 
To the two Plates 1, 7 7, we join thoſe Things which we en. 
lain'd in N* 594. and the following. To each of the Rulers ; / 
t its own Cylinder v be applied alſo, the Thread being put thro 
it, which is join'd to the Cylinder þ.; this is done thus; a Needle 
is requir'd, whoſe Length exceeds the Length of the Cylinder « 
and thro' the Eye of it a Thread, that is ſmall, and doubled i: 
put; the Needle is put into the Cylinder thro' the Hole in its an- 
terior Baſe in ſuch manner, that the Point of it goes out thro' tho 
Hole of the poſterior Baſe ; then we put the End of the Thread. 
which we would have paſs thro' the Cylinder, into a little Loop in 
the Thread of the Needle; and by drawing the Point of the Needle, 
the Threads folloy, and the Needle with its Thread is remov'd. 
Round one of the Cylinders is put a Ring * ; for Example, that 
4; then the Weights.of the Cylinders will be a: 
3 and 4: the Weights join'd to theſe are requir'd to be in the ſame 
Proportion; wherefare to one Cylinder h four Ounces are added, 


to the other fix *. 


The Cylinders v, v, are to be plac'd at equal Diſtances from 
the Center; let this Diſtance be, what is determin'd at pleaſure 24 : 


to the Ruler t a wooden Obſtacle A is join'd, (Plate XXII. Fig. 5. 


by putting the Ruler into it; this Piece is plac'd in ſuch manner, 
that its Surface b, which is the uppermoſt in the Figure, is turn'd 
from the Center of Motion, and exactly agrees with the Diviſion 
24 *; the Picce is faſten'd by the copper Screw c, the copper Plate 
d, which is elaſtick, and a little bent, hindering the Screw from 
damaging the iron Ruler. 

The anterior Surface of the Cylinder v is applied to the wooden 
Piece, then the Diſtance of its Center of Gravity is 24 * : the 


Thread is ftretch'd, which paſſes thro' the Cylinder, as much as 


may be, without raiſing the Weight 5, and faſten'd &, and the 
As the Weight Y determines this ſtretching 
of the Thread, therefore I ſaid that this Weight muſt firſt be ap- 
plied. | | | ents 

Now the Podies plac'd at equal Diſtances from their Centers of 
Motion, and whoſe Quantities of Matter are as 3 to 4, cant! eCede 
from the Center ever ſo little, unleſs: the Weights are rais'd, which 
are in the- ſame Ratio of three to four. 2 

Thete Podies will alſo perform their Revolutions in equal Times, 


Ki $. x 125 uc 
if the Head J he rais'd as much as it can, three Rings den So 
l 
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upon the ſolid Piece 8 *; for then the ſuperior Wheels at d, and 
which are equal, anſwer to the Pulleys i and m. | 

Motion is communicated to the Machine by the Weight r*; 
then each of the Bodies v, and v, is mov'd round the Center, and 
ſtretches the Thread by the centrifugal Force, and is retain'd by the 
Weight y; but, by the Deſcent of the Weight r, the Motion is ſo 
accelerated, that the Cylinders v, and v, raiſe the Weights faſten'd 
to them, and indeed exactly in the ſame Moment, as appears, by 
the Hammers of the Bells being lifted up * : for theſe are looſen'd 


C 


in the ſame Moment, ſo that one Stroke only is perceiv'd ; which 


news that the Ratio of the Forces is well determin'd. 
In the turning of the Screw l o, care muſt be taken, that the Ac- 


celeration be not too ſudden ; for unleſs the String is ſtretch'd, 


which communicates Motion to the Axes 45, 4, their Accelera- 
tions will not agree; but the ſtretching of the String muſt be fo 
order'd, that the Hammers may be let looſe; that is, that the 


Weights h, h, may be rais'd, before the Weight r comes to its 


greateſt Depth. 

When the Quantities of Matter in revolving Bodies are equal, and 
their periodical Times equal, the central Forces are as the Diſtances 
from the Center *, | 


ExPERIMENT 5 


This Experiment difters from the foregoing * in a few Circum- 
itances only, The two Cylinders v, v, either without Rings, or 
with equal Rings, are made uſe of. Theſe are plac'd at unequal 
Diſtances ; for Example, one is put at the fixteenth Diviſion, the 
other at the twenty-fourth. Now Weights mult be rais'd, which 
are in the ſame Proportion of 16 to 24 ; therefore to the firſt Cy- 
linder þ two Ounces are join'd, to the other four *, and the 
Weights are as four to fix; that is, as 16 to 24 : other. Things re- 
main as before, and the Experiment is made in the ſame manner, 
as the foregoing. But we have equal Bodies, turning round in 
equal Times, whoſe Forces, which are equal to the Weights rais'd, 
ve to one another as their Diſtances from the Center. 

When the periodical Times are equal, but the Diſtances from the 


Center, and the Quantities of Matter in the Bodies revolving differ, 


e central Forces oe in a Ratio made up, of the Quantities of Mat- 
% and the Diſtauces; which follows from the two laſt Propoſi- 


nens. To determine this compound Ratio, the Quantity of Matter 
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in each Body, muſt be multiplied by its Diſtance from the 


* 23 El. VI. and the Products have to one another the Ratio ſought for- — 


EXPERIMENT 6. 


610. Thoſe Things remaining, which were explain'd in the fifth Ex. 
flate XX. periment , to the Cylinder v, whoſe Diſtance from the Center; 
24, let there be added a Ring, whereby its Weight may become 
the periodical Times remain equal, and the central Forces will 55 
according to this Proportion, AS 3X J 6 is to 3 x 243 that is, a8 X 
is to 5; therefore four Ounces remaining, which ſhould be rast 
by the Cylinder v, whoſe Weight is three; to the fix Ounces 
which are join'd to the other Body, let four be added, that there 
may be ten Ounces; and by the Motion of the Machine both 
Weights will be rais'd in the ſame Moment, as the Bells will ſuew 
again. 

＋ he Differences of central Forces, ariſing from the Differences 
of their Diſtances from the Center, and Quantities of Matter, may 
611. mutually compenſate one another, and the Quantities of Matter, jy 
Bodies ee round, being put in an inverſe Ratio of their Diſtances 
from the Center, the central Forces will be equal; as much as one 
Force is greater than the other, in reſpect of the Quantity of Matter, 

ſo much this exceeds that in its Diſtance. 


EXPERIMENT 5. 


612. The Bodies carried round remaining, which we made uſe of in 
Plate XX, the ſixth Experiment *, which are as three to five; let this be put 
* 610. at the diſtance fifteen, that at the diſtance twenty-five : the peri- 
odical Times remain equal, and the Weights at Y, and h, will not 
riſe at the ſame time, unleſs they are equal. 

We have a Caſe of this Propoſition, when two Bodies, oi vd by a 
Thread, turn round a common Center of Gravity, For the Diſtances 
from this Center are in an inverſe Ratio of the Weights of the Bo- 
dies *; and therefore the central Forces are equal +. With the 
Force, with which one Body endeavours to recede from the Center, 
the other is drawn towards it; and, by reaſon of the Equality of 
their Forces, they mutually retain one another, and continue their 
Motion ; if they revolve about any other Point, they cannot continue 
their Motion, and the Body, whoſe centrifugal Force overpowels, 


recedes from the Center, and carries the other Body along with it. 


E x- 
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EXPERIMENT 8. 


Every thing is to be taken away, that is put upon the Plates 61 4. 
1 ii; which is done at once in each Plate by only looſening the Plate XX. 
Screws ff, (Plate XXIII. Fig. 2.). The Machine is afterwards to 
be put into that Situation, which we mention'd in the ſecond Ex- 

riment *, before the wooden Box was put upon it. * 583, 

Then the Iron Ruler AB is applied to the Machine; upon this is Flate XXII. 
put, and ſuſtain'd by the Pillars E, E, another Iron Ruler H I, Fig 2. © 
which is faſten'd by Screws, as was ſaid of the wooden Box *. * $3, 

This Ruler is every where of the ſame Thickneſs, and Breadth, 
and its Surfaces are regular, and poliſh'd. This goes thro” two 
Copper Cylinders F, G, which, though they don't ſtand upon 
Rollers, are eaſily mov'd along the Ruler, eſpecially if this is rubb'd 
over with Oil; which would hinder the Motion, if there were 
Rollers, as in the other Cylinders, which we uſed in the foregoing 
Experiments . A Thread is put through both Cylinders 4, and * 66. 6c8. 
faſten'd ſo, that the Knot N, which is in the Thread, exactly anſwers ＋ 2 
to the common Center of Gravity of the Bodies F, G. The Thread e 
is ſtretch'd, and the Knot plac'd, ſo as to anſwer to the Center of 
Motion, mark'd on the Ruler HI: the Machine is mov'd by the 
Handle *, and the Bodies keep the Place which they occupy in * 577. 
the Ruler HI. 

If the Knot N anſwers to ſome other Point, both Bodies are 
mov'd along the Ruler, often with a violent Motion. 

But that the Machine mayn't be damag'd in this laſt Caſe, we 615. 
make uſe of wooden Obſtacles as L (Fig. 7.): we place one be- 
tween H and F, another between I and G. Theſe Obſtacles are 
to be plac'd before the Ruler H I is faſten'd in its place. But when 
an Obſtacle is put upon the Ruler A B, we faſten it in any place 
by the Wedge M, paſſing through the Hole o beneath the Ruler 
AB. The Obſtacle has its upper Part, where the Body ſtrikes it, 
cover'd with a thick Piece of Leather ; the anterior Surfaces alſo, 

(which are turn'd towards each other) of the Cylinders F and G, 
are in the ſame manner cover'd with Leather. 

When the Quantities of Matter in Bodies revolving, and their 616. 
Diſtances from the Center, are equal, the central Forces are in an 
mnoerſe Ratio of the Squares of the periodical Times, that is, directly 
as the Squares of the Revolutions, perform'd in the fame Time. 
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EXPERIMENT 9. 


The Machine is to be reſtor'd to that Condition, in which it was 
in the Experiments * in which the central Forces were compar'd 
with one another, but the periodical Times muſt be varied. 

When the String goes round the upper Wheels at d and e, the 
Times are equal, as we have ſeen “. 

If, the Head FT being let down ＋. the following Wheels are made 
uſe of, the Times of the Revolutions are, as four to five ; if again 
the following, they will be as two to three laſtly, if the loweſt a0 
one to two *. | 

We ſuppoſe the Head T to be plac'd as it is exhibited in the 
Figure, that is, that the periodical Times are to one another, a; 
two to three; the Time is leſs at the Part e. 

At this ſame Part we join ſeven Ounces to the Cylinder J, that 
the Weight may be nine Ounces; at the other Part we muſt join 
only two Ounces to /, that the whole Weight may be tour 
Ounces. 

Now if equal Bodies, at equal Diſtances, ſhall thus turn round, 
there will be heard only one Stroke of the Bells as in the fourth *, 
and ſome other Experiments ; whence it will appear that the Forces 
are, as nine to four, that is, inverſly as the Squares of the perio- 
dical Times, which are as two to three. 

Howſoever the central Forces differ from one another, from what 
has been ſaid they may be compar'd with one another; for Hey are 
ina Ratio compounded, of the Ratio of the Quantities of Matter in th! 
Bodies revoluving, and the Ratio of their Diſtances from the Center, 
as alſo the inverſe Ratio of the Squares of the periodical Times. By 
multiplying the Quantity of Matter in each Body by its Diſtance 
from the Center, and dividing the Product by the Square of the pe- 
riodical Time, the Quotients of the Diviſions will be in the {aid 


compound Ratio, that 1s, as the central Forces. 


EXPERIMENT 10. 


Let the Bodies revolving be as three to five, and applicd the firſt 
to the eighteenth Diviſion, the ſecond to the twenty ſeventh; let 
the periodical Times be moreover as four to five *; Weights of tivc 


and eight Ounces will be rais'd at the ſame time. | 
I multiply 3 by 18, and divide the Product 54 by 16, and I have 


the 


kad * PEPIN 
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he Quotient is 5 +- Therefore the Forces are as 3+ to 54, that is, 
«« c is to 8, as in the Experiment. 
fen the Quantities of Matter are equal, the Diſtances are divi- 
od by the Squares of the periodical Times, that the Ratio may be de- 
erm d, which obtains between the central Forces. 

In this Caſe, if the Squares of the periodical Times are to one anc- 
ther as the Cubes of the Diſtances, the Quotients of the Diviſions 
will be in an inverſe Ratio of the Squares of the Diſtances; and in 
this Ratio the central Forces will be allo. 


EXPERIMENT 11. 

Let the Bodies revolving be equal, the Diſtances from the Cen- 
ter 14 7 and 19 ; the periodical Times as 2 to 3. 

The Cubes of the Diſtances are 3048 f and 6859; the Squares 
of the periodical Times are 4 and 9, which are as 3048 + to 68 59, 
nearly as the Cubes of the Diſtances; we don't take notice of a 
(mall, and inſenſible Difference. 

The Squares of the Diſtances are 210 + and 361, that is, nearly 
as 7 to 12, inverſly as 12 to 7; Weights alſo of 12 and 7 Ounces, 
riſe at the ſame Time, Here alſo we neglect a ſmall Fraction. 

If we determine the Forces mathematically *, they are as 261 to 
152; the Squares of the Diſtances are inverſly as 261 to 152 ++4+. 
This ſmall Difference proceeds from the ſmall Difference, which 
we ſaw there was between the Ratios of the Cubes of the Diſtances, 
and the Squares of the periodical Times. 

If the Bodies are unequal, but central Forces act upon them, of the 
fame Nature with Gravity, it matters not what are the Maſſes of the 
Bodies, or how they are mov'd, they are turn'd towards the Center, 
In equal Times, thro' Spaces, which are as the Forces theimſelves *, 
and the laſt Propoſition obtains alſo in unequal Bodies. 

A Body may deſcribe different Curves, by the central Force 
Geometricians call an oval Line an Ellipfis, which is thus de- 
icriv'd. Let A a be a right Line; C its middle Point; F, / Points 
equally diſtant from C; F G F a Thread, whoſe Ends are 
faſten d at Fand /, which is equal to the Line Ag. The Thread 
being ſtretch'd by the Pin G, by the Motion of which upon a 
Plane, in which As is, an Elliptis is deſcrib'd. The Points F/ 
are call'd the Foci; C the Center; A à its greater Axis; its leſs 
Axis paſſes thro' the Center, at right Angles to the greater, and is 
terminated both Ways by the Curve, as B 5. 

Let us ſuppsſe, as in the laſt Propoſition, a Nee, which acts upon 
Bodies in Motion as upon thoſe at reſt, which is equal at equal 
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Dijtances from the Center, and at unequal Diſtances decreaſes in an 

Inverſe Ratio of the Squares of the Diſtances from this Point., 41, 

_ 8 8 . , 5 „ The 

Body voi deſcribe an Ellipſe, one of whoſe Foci coincides with th, 

Center of the Forces, ſo, that in every Revolution the Body comes 

to it once, and again recedes from it. In the Receſs the Celerit 

„5882. of the Body is diminith'd “, and indeed in ſuch manner, that the 

central Force, tho' it be diminiſh'd, bends the Way of the Body 

enough, to make it draw nearer the Center: but by the Approach 

of the Body its Velocity is increas'd, the Infle&tion of the Way is 
diminiſh'd and it recedes from the Center again. 

The Circle belongs to this kind of Curves, the Foci coincidino 
with the Center. And @ Body being given which, as we ſaid, Po 
ſeribes an Hllipſe, another, with the ſame Force, will be retain'd i» 
the Circle, about the ſame Center, if it be projected with a juſt Ve- 
locity perpendicularly to a Line, paſſing thro' the Center. If the 
Diameter of the Circle be equal to the greater Axis of the Ellipſe, 
the Body mu/z be mov'd with that Velocity which it has in an Ellipſe, 
at that time, when it paſſes through one or the other Extremity of the 
leſs Axis; and both theſe Bodtes will perform their Revolutions in 
equal Times. 

A Body may be projected with ſuch a Celerity, that, in its Receſs 
from the Center, the Force, which is diminiſh'd by the Increaſe of 
the Diſtance, can't bend the Way of it enough to make the Body 
return; in this Caſe the Body runs through ſome other Curve of 
the conic Sections, a Parabola, or Hyperbola. 

If the central Force decreaſes in any other Proportion in its Receſ 
from the Center, the Body cannot deſcribe a Line returning into it- 
ſelf, and little different from a Circle. 

But f the Force decreaſes in a Proportion little differing fron 
this, or the Curve does not differ much from a Circle, the Curve d. 
ſcrib'd by the Body, may be referr'd to a moveable Ellipſe ; namely, 
whoſe Axis is mov'd with an angular Motion in the Plane, in which 
the Body revolves, the Focus remaining in the Center of the 
Forces. But the Motion of the Axis is directed to the ſame Par! 
with the Motion of the Body, if the Force decreaſes faſter, the Di- 
tance being increas'd, than according to the inverſe Ratio , tic 
Square of the Diſtance: but , the Force decreaſes in its Receſs from 
the Center more flxwly, that is leſs, the Motion of the Ellipſe is direst- 
ed the contrary way. | 5 

The Body alſo deſcribes an Ellipſe, if the Central Force, iu i 


Receſs from the Center, increaſes, and is every where in the Ratio 
He 


627. 
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the Diſtance from the Center, which in this Caſe coincides with the 
Center of the Ellipſe. 


EXPERIMENT 12. 


Let a leaden Ball be ſuſpended by a long Thread ; if it be drawn 
fom the Point where it is at reſt, it is always carried towards it by 
its Gravity; and every where with equal Force, if the Diſtance is 
equal, The Ball in its Motion from the ſaid Point deſcribes a 
Circle, which ſoever way it is drawn from it: if the Portions of 


the Force with which the Ball, in whatſoever Point it is turn'd, 


therefore that Force increaſes in the Ratio of the Diſtance. 

Let the Ball be drawn from the loweſt Point, and projected ob- 
liquely, it will deſcribe an oval Figure round this Point, which, 
when the Ball does not run through a great Space, ſcarce differs at 
all from an Ellipſe, by reaſon of the Proportion of the Forces, and be- 
cauſe in this Caſe the Ball is as to Senſe mov'd in the ſame Plane. 
The Center of the Ellipſe is the Point where the Ball, when it 
is not projected, 1s at reſt; in every Revolution the Ball comes to 
it twice, and recedes from it twice. If the Ball be ſuſpended above 
a Table in ſuch manner, that it almoſt touches the Table, when at 
reſt, and the Point, which it then anſwers to, be mark'd on the 
Table, the Experiment becomes much more ſenſible ; by following 
the Ball its way may be mark'd with Chalk upon the Table. 

If the Force increaſes in another Ratio, the Curve does not return 


into itſelf ; but it may often be referr'd to an Ellipſe moveable on a 
Plane, 


EXPERIMENT 13. 


let the Ball be projected in ſuch manner, that it may run out to a 
greater Diſtance ; it will deſcribe a Curve which may be referr'd 
to a moveable Oval; it will indeed in every Revolution come to the 
Center twice, and recede from it twice ; but the Situation of the 
Points, in which it is at the leaſt or greateſt Diſtance, will be 
chang'd in each Revolution, and theſe Points will always be carried 
towards the ſame Part, and their Motion will contpire with the 
Motion of the Ball. 
From this laſt Propoſition, if we attend to Number 629, it fol- 
lows, That by no central Force, acting equally at equal Diſtances, 
a 


The fame Things being given, as in the foregoing Experiment, 


149 


the Circle are not very great, they coincide with a Cycloid *, and 416. 


tends towards the loweſt Point, is as its Diſtance from this Point *; 414. 
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a Curve can be deſcrib'd that returns into itſelf, which is little gig. 


coincide with the Center of the Forces, except an-Ellipſe, in gu if 
whoſe Foci is the Center cf n Horces; and that the central Eyre, 
in this Caſe, follows, the inverſe. Retio of the Square of the Diftan,, 
But it is manifeſt, That a Circle, rohoſe Center coincides ith 11, 
Center (of tbe Forces, may be geſcrib'd by a Force mncreaſing or di. 

creafing, in any Ratio, if it only acts equally at equal Diſtances, 

Moe. 
General "Conſiderations of Central Forces, 

E. T us conceiveaÞForce to be given, whereby a Body, wherever it i; 
is driven towards the Center D; it is no matter in what manner thi: 
Force is varied in different Points: let us conceive this Force not to be 
continual, but to act upon e e the Moments © 
Time between the Strokes to be cg. Let us alſo ſuppoſe the Body pry 
jected along AB, to run thro® that Line in a certain Moment; the Body 
in the following Moment would continue in motion along BL, equal to 
AB, unleſs by receiving a Blow when at B, it was driven to C; let us 
ſuppoſe the Celerity ariſing from this Stroke in the Body alrcady agitated, 
to be ſuch, that by it the Body may, in the Interval of Time between two 
Strokes, go thro? the Line LD; if LD be parallel to BC, the Body acted 
upon by two Motions, goes thro* B D*, and is at D the Moment that by 
the next Stroke it is again driven towards the Center. If this Stroke was 
not given, in the following Moment it would run thro* D E, ſuppoſing 
DE and BD to be equal; but jn the ſame Time that it is carried towards 
the Center, that is, it is driven along DC; if along that Direction it runs 
thro' a Line equal to the Line E F, in the Time that it would run thro” 
DE, the Body is carried by a compound Motion along D F, tuppoling 
E. F and D C to be parallel. In the ſame manner we demonitrate, that in 
the following Moment the Bedy runs thro? FH, if GH be cqual to 
the Space to be run thro' in that Moment from the Stroke towards C. 

ſuppoſing FG and D equal, as alfo G H and F C parallel. 
The Triangles KBC, BEC, have equal Baſes A B, B L, in the 1: 
Line, and a common Vertex C; therefors'theyeareequal *. Ihe 1 147- 
gles BLC, B D C,chave the common Ba 112 and ſtand between che 
Parallels B C, L therefore they are equal +, For that realon allo A BC, 
and B DC are bal. We demonſtrate in the ſame manner the Liang 
BDC, DH, to be equal; and generally any Triangles to be equal, 


ments, bythe Body projected. Thele in their Acceſs to the Center become 
pyis mov'd ſwifter, as we ſaid in N' 382. 
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Chap. 23. of Natural Philoſophy. © 15 k 
I: appears alſo, that a Body projected, and acted upon by a Force tend- 640, 
ing towards the Center, is mov'd in a Plain, which goes thro a Line along 

which the Body is projected, and thro* the Center of the Forces, as we 

ſnew'd in N“ 581. 

Now let us conceive the Moments between two Strokes to be dimi— G11. 
biſhed, as alſo the Strokes themſclves, thoſe Moments ſtill remaining equal 
Among themſclves, while the Strokes are unequal in any Proportion, tlie 
Demonſtration will hold good. It the Diminution be i 7nfinitum, the Strokes 
ne chang'd into a continual Preſſure, and the Body in every Point is turn'd 
out of the ſtreight way; yet it is ſubjected to the Law determin'd in the pre- 5 
ceding Demonſtration. If therefore the Body be mov'd in the Curve Plate XXII. 
AB DE, and the Time be conceiv'd divided into very ſmall Moments, Fig. 4. 
equal to one another, the Area of the mix'd Triangle A CB wall contain 
ſo many equal little Triangles as there are Moments in the Time, in which 
AB is run thro'; and the Area of the mix*d Triangle D C E will in the fame 
manner contain as many Triangles, equal to one another, and to the 
EF former, as there are Moments in the Time in which DE is run thro? ; 

# tlcrefore the Times in which a Body runs thro? AB, and DF, are to one 

another as the Number of equal Triangles, contain'd in the Arcas A C B, 
DCE; that is, they are as the Areas themſelves. Whence we deduce 
the general Propoſition mention*d N' 585. 

The Inverſe of which Propoſition, which is contain'd in N' 586, is allo 642. 
demonſtrated. If a Body, mov'd along AB, in a following and equal Plate XXIV. 
Moment, goes thro? B D, becauſe by the firſt Motion in that Moment, it 33: 2. 
would have continued its Motion along BC, equal to A B, it was neceſſa- 

F rily remov'd from its way along the Direction LD *; but if the Tri- “ 36. 
angles ABC, BCD, are equal, BDC, B LC, will alſo be equal; 
therefore the Line LD will be parallel to BC] that is, the Direction of + 39 EL. I. 
the Force, which turns the Body from the right Line, is directed towards 
the Center C, 

If now we conceive any Curve to be divided, by. Lines drawn to the 643. 
Center of the Forces, into very ſmall equal Triangles, their Baſes are run 

# thro in equal Times by a Body, which is retain*d in the Curve by a central _ 

Forces; therefore the Velocities of the Body, in various Points of the Curve, 639. 
arc as thole Baſes g, which are inverſely as the Perpendiculars, drawn from t 119; 
the Center of the Forces to the Baſes continu'd || ; that is, /o the Tengents 4 || "5 El. VI. 
the Curve in the Points conſider d. * 1 

The Things hitherto demonſtrated in this Scholium are very general; 644. 
what I ſhall add now only obtains, if in this the Force agrees with Gravity, 
lo as to act on Bodies in motion, as it docs upon Bodics at reſt ; but we 
Iuppoſe the Bodies equal: but it the Force alſo agrees in that with Gravity, 

1945 to act in the ſame manner on all the Particles of Matter, it is of no 
Conſ. quence Whether the Bodics be cqual or nat. 

11 fnitely ſmall Lines, ine thre* by equal Forces, acceding to t'e Center, 045. 
are as the Squares of the Times in which they are run thro', For a Force 

3 may 
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may be conſider'd as uniform, in an infinitely ſmall Space, a 
5 demonſtrated of falling Bodies *, may bo e ir gh nll 

If the Forces differ, but the Times are equal, the Spaces run thry Will | 
as the Forces. | . : 

Therefore Spaces infinitely ſmall, run thro* by central Forces, are a; 1. 
Forces themſelves, and as the Squares of the Times; that is, in a Ratio com. 
pounded of thoſe two Ratios. | 

Hence we deduce, that a Body, which is retain'd in a Curve by a centra! 
Force, in every infinitely ſmall Moment, is mov' d according to the Law; = 
plain'd concerning Prejectiles x. For tho* a Body tends to the Center, if the 
Space gone through be infinitely ſmall in reſpect to the Diſtance from the 
Center, the Lines drawn to the Center may be conſider'd as parallel, 

Let AF G E be the Curve in which the Body is mov'd; C the Center 
of the Forces; AD the Tangent to the Curve in the Point A; let us ſup- 
poſe A D infinitely little, and the Lines BF and D G to be parallel to AC, 
theſe will be as the Squares of the Lines AB, AD“, which are as th: 
Times, in which AF, AG, are run throf. 


SCHOLIUM I. 


Concerning Motion in a Circle, 


NY Force whereby a Body is retain'd in a Center, if it be directed to- 
wards the Center of the Circle, acts always perpendicular to the Di- 
reckion of the Motion; for the Tangent is perpendicular to the Radius“. 
Therefore the Action of that Force never conſpires with the Motion of the 
Body, or acts contrary, and it always a#s in the ſame manner as it would de 
on a quieſcent Body; for that Reaſon, it is of no Conſeqence, whether ſuch 
a Force, which retains the Body in the Circle, be of the ſame Nature as 
Gravity or not, and acts in every Caſe in the fame manner on a Body in 
motion as itdoes on a Body at reft, it retains the Body in the ſame manner. 
Let a Body be mov'd in a Circle, whoſe Diameter is GL; C the 
Center of the Circle and of the Forces. Let an equal Body be projected 
along AD, with the Velocity with which the Body is mov'd in the Circle 
Theſe Bodies in equal Times, run thro' the equal Lines AB, GH, in. 
finitely ſmall ; they alſo in equal Times run thro? the little Lines BE, III; 
the firſt, by its Weight, the ſecond, by its central Force; ſuppoſing BE 
to be vertical and HI parallel to G C; which little Lines are to one another, 
as the Weight of the Body to the central Force, which retains the Body in 
the Circle “. | | 
Let DF be the Height from which a Body falling acquires a Velocity, 
with which the Projection is made, the Body goes through that Space 1! 
falling, whilſt with an uniform projectile Motion it goes through twice 
that Length * ; if therefore DF is vertical, and A D the double of DF, 
the projected Body will go thro' F] therefore AB., or G His to AD, 
or 4xDF?, as BE to DF *. t 


tn 
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ircle drawing I 7 parallel to G H, that is, perpendicular to the 18 El. III. 
1 G1 or H f Gi, or G H, and G vill be ha continu'd Pro- & 4. EL VI. 
ortion e, wherefore HI: BE:: DPF: GL. | . 
The Proportion above-mention'd is therefore chang' d into this, 651. 
HIxGL;4xDF*:: BE: DF::BExGL:DFxGL. By Alternation 
HIxXGL:BExGL::4xDF*:DFxGL. Whence we deduce 
HI: B E:: DF: 2 GL. 
That is, The Force whereby a Body is retain'd in a Circle, is to the 
IVeight of the Body, as the Height from which the Body falling, acquires a 
Velocity, with which the Projettion is made to the fourth Part of the Di- 
ameter. 
' If the ſame Body, in the ſame Circle, be carried with another Velocity, the 652. 
Conſequents of the Proportion remain ; therefore the Antecedents are 
chang*d in the ſame Ratio : that is, the central Force varies, as the Height 
from which a Body falling acquires the Velocity with which it moves, which 
Height follows the Proportion of the Square of the Velocity *. „374. 
But as long as we ſpeak of the {ame Circle, the periodical Time is ſo much 633. 
the leſs, as the Velocity is greater, and ſo on the contrary, and that Time 
is inverſely as the Velocity, whence the Demonſtration of No 616 is made 
plain, cæteris paribus, to be inverſely as the Squares of the periodical 
Times. | 7 
We have ſaid in Ne 607, that the central Forces, ſuppoſing the Bodies 654 
as well as the periodical Times to be equal, are as the Diſtances from the Plate XXIV. 
Center; which, to demonſtrate, we ſuppoſe two equal Bodies to deſcribe Fig. 5 
in equal Times the concentric Circles BI L, AF M; in very ſmall, and 
qual Moments they run thro” the ſimilar Arcs BI, A F. But the Bodies, in 
the ſame Moments, would move along the Tangents B H, A D, equal 
to the Arcs, if there was no central Force. Therefore the Bodies in equal 
Moments, are by the central Forces, transferr?d from H to I, and from 
D to F; and indeed, becauſe of the infinitely ſmall Arcs, along the right 
Lines HI, DF, in whoſe Ratio the central 33 are, but it is very plain 
that thoſe Lines are as the Diſtances from the Center B C, A C. 
There remains concerning the Motion in a Circle, that we demonſtrate 635. 
the Propoſition of Ne 621. | 
Let the Diſtances from the Center be D and d; the periodical Times T, 
the central Forces V, v: let us ſuppoſe T4: f:: D: 4] therefore 
D 
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SCHOLIU M II. 
Of the Motion in an Ellipſe. 


N this and the following Scholiums we intend to treat of that F 

which acts on Bodies in motion as if they were at reſt. 

Let DA E be anEllipſe; C the Center; let a Body be mov'd in the El. 
lipſe, in which it is retain'd by a Force, which is directed to its Center; we 
are to determine what this Force is. 

Let the Body be at A, and AT be the Tangent to the Ellipſe; AB the 
Diameter; ED its conjugate Diameter parallel to the Tangent“; AL. an 
Arc deſcrib'd in a ſmall conſtant Moment of Time ; IL, parallel to A (, 
the Space run through in the ſame Moment by the central Force, which 
Space follows the Ratio of the central Force “. 

Draw L G parallel to I A, and LH perpendicular to AC; as alſo A E 
perpendicular to E D; and ler alſo CL be drawn. 

The rectangular Triangles LH G, AFC, are ſimilar, becauſe of the 
equal Angles LGH, ACF*. Therefore LH: LG:: AF: C; and 
LHxAC=LGxAF. 

But the Quantity LHx AC is conſtant; for it is the double of the 
Area of the Triangle ALC“, which is proportionable to the conſtant Mo- 
ment, in which AL is deſcribed . 

In the Ellipſe alſo E DX AF, is a conftant Quantity; therefore E Dx 
AF, is to LH x AC, or to LGN AF, that is, ED to LG, always in 
the ſame Ratio wherever a Point as A is taken in the Ellipſe; therefore 
there is alſo a conſtant Ratio between E De and L G4 But in the Ellipte 
E Da: LG:: ABA: A GX GB“, or L IX AB; becauſe of AGandL] 
being equal, and the Difference infinitely ſmall between GB and AB; 
therefore the Ratio between AB and LI x AB, that is, between A B and 
LI, is alſo a conſtant Ratio: therefore LI is inereas'd and diminiſh'd. 
that is, the central Force, in the ſame Ratio that A B is increas'd and di- 
miniſh'd, or its half A C, which is equal to the Diſtance of the Body from 
the Center, as we have obſerv'd in N* 633. 

But if whilſt the Body is mov'd in the Ellipſe, the Force be directed to 
the Focus; this Force in receding from the Center of the Forces, decreales 
in an inverſe Ratio of the Square of, the Diſtance, as we have it in N. 020, 
the Demonſtration of which Propoſition we ſhall give here. 3 

Let DAB be a Semi-Ellipſe; B D the Axis; C the Center; F the 
Focus, to which the Force is directed; AI a Tangent to the Ehple 1 
any Point as A; AL an infinitely ſmall Arc. 

Having drawn AC, AF, let LG and CE be parallel to the Tangent 
AI; LTparallel to AC; and Li æquidiſtant from AF, LI and AG 
will be «qual, as well as Li and Ag. But A E will be equal to C N 
greater Semi-Axis; for having drawn Af to ancther Focus, and f bs 3 
parallel to A I, the Angles A M7, AFM will be equal t; and the dic“ 
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AM, Af, equal“; EM, EF are alſo equal becauſe CF, Cf are 5 EL I. | 
equal + : therefore E M + MA, that 18, E A is equal to FE+ Af, + 2 EL VI. 
ard E A is haif the Sum of the Lines t A, Af, which taken together | 
are equal to BD. : | SL 625. | 
Beſides, draw L. H perpendicular to A C, and L making right Angles 1 
with AF; and join the Points H, Y. By reaſon of the right Anglcs | 
AbL, LHA, the Points H, 5, are in the Circumference of a Semi- þ 
circle whoſe Diameter is AL“; therefore the Angles þ LH, AH, are * 31 El. III. 4 
in che ſame Segment, and therefore equal Þ : the Angles LH Y and LA + 21 Hl. III. | a 
are alſo in the ſame Segment and equal; now here becauſe AL is infinitely | 


ſmall, it coincides with the Angle I A h, and is equal to the Angle AEC; 3 

wherefore the Friangles LH, A E Care ſimilor; and LV: LH: : AC 

AE or CD“. * 29 El. I. | 

Likewiſe, becauſe of the ſimilar Triangles Ag G, AEC, A is to Ap, | 

or LI to Li, as A C to AE, or CD. Theſe Things being laid down, Ly 

let us conceive two Bodies running along this Ellipſe, in the ſame time, 

one of which is retain'd by a Force, which is directed to C the Center of 

the Ellipſe, and the other by a Force tending to F one of the Foci. 14 
When both Bodies run along the little Arc A L, the firſt is moved by 

the central Force, along I L, and the ſecond by the central Force runs 

thro' iL, but the Times in which the Bodies go through theſe little Lines, 

are to one another as the Areas LAC, LAF®*, for we ſuppoſe the whole * 585. 641. 

Ellipſe to be run thro? by each of the Bodies in the ſame time; therefore 

that in each Caſe, the ſame periodical Time 1s repreſented by the whole 

Area. But thoſe Areas are to one another as their double AC xELH, 

AFx LGH; now theſe Products, becauſe of LH: L:: CD: AC, are 

as AC Xx CD, and AF x A C, that is, as CD to AF. 

The Spaces IL, i L gone through by the central Forces, which we have | 

ſhewn to be, as AC to CD, are allo in a Ratio compounded of the ' 

Forces, and the Squares of the Times “, or of the Lines CD, AF. The +» 647. | 

Force along A C is proportional to that Line, as we have demonſtrated , + 656. 4 

and may be denoted by that very Line; we call the Force along | 4 

AF, V: therefore AC: CD:: AC x CD: VX AFA. Whence we | Ez 


deduce v Fr. it appears therefore by reaſon of the conſtant Quan- 


* Fw 


tity C De, that changing the Point A, the Force V is changed in an inverſe 
Ratio of the Square of the Diſtance AF. 9, E. D. 

In regard to the Motion in an Ellipſe, we have obſerved two Things 
more in Ne 627, which we ſhall now demonſtrate. 4 
Let BAD be a Semi-Ellipſe, B D the greater Axis; CA the leſſer; 628 ik 
E the Focus, the Center of the Focus. With the Center F, and Radius plate XXIV. | 
FA let the Circle A P be drawn; we muſt demonſtrate that the periodical Fig. 8. 
Y ime in the Circle is equal to the periodical Time in the Ellipſe; for the * 625. , 
Radius F A is equal to the greater Semi-Axis of the Ellipſe, as follows from 
ts Deſcription, 


X 2 Let 
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Let there be two Bodies at A, of which one moves in the Circle, the 
other in the Ellipſe, and let A L, A M be very ſmall Arcs deſcrib'd in th. 
ſame time; the Spaces gone through by the central Force will be equal: 
becauſe both Bodies are at A F the ſame Diſtance from the Center: Bur 
thoſe Spaces are iL, N M, ſuppoſing Az Tangent to the Ellipſe, ard 
A N to the Circle; as allo N M, and f L, parallel to A F. Let alla 11 
be parallel to A C, as OM to NA, GL to Al, and draw LC, 1p 
MF. . | 
In the Circle OM is equal to 2 MNxAF*®; for AF and OF ate 
taken as equal, and AO, MN are actually equal. 


In the Ellipſe A Ca: B Cor AF1: 2 ILxAC: O DEN 
for AG, IL are equal; and AC, G C differ but by an infinitely ſmall 


uantity. 
The Triangles Ii L, AC F are ſimilar, becauſe their Sides are reſpective. 


ly parallel, therefore FA: AC::iL, or MN IL ALE 


Subſtituting inſtead of IL its Value in this Equation G L= 


we have GL«s=2MNxAF; to which Quantity alſo O M is equal: 
therefore G L and O M are equal: whence it appears, that in an Ellipſe a 
Body at the End of the leſſer Axis moves with the ſame Velocity, that an- 
other is carried in a Circle, whoſe Diameter is equal to the greater Axis of 
the Ellipſe, if both are retain'd in their Curves with the ſame central Force, 
which 15 directed to the Focus of the Ellipſe, and this is the firſt Part of 
N*029: 

Becauſe the Curve at A is parallel to the Axis B D, the Triangles CAL, 
FAL are equal * ; the right-angled Triangles CAL, F A M, whoſe 
Baſes are equal, are to one another, as the Heights AC, AF, or CD; 
the Areas of the Circle, and the Ellipſe, are in the fame Ratio to one an- 
other. Therefore by Alternation, the Area of the Triangle CA L, or 
FAL, is to the Area of the Ellipſe, as the Area of the Triangle F A M 
is to the Area of the Circle : therefore the Time in which a Body is mov'd 
along A L is to the periodical Time in the Ellipſe, as the Time in which 
AM is run thro? to the periodical Time in the Circle“; the Antecedents 
are equal, therefore the Conſequents alſo. Which was the laſt Thing to be 
demonſtrated, 
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SCHOLIUM IV. 
Of Motion in an agitated Orbit, 


E I a Curve A F be given, deſeribed by a Body acted on by a central 


660. 


Force; and C be the Center of the Forces. Let the Curve be di- Plate XXIV. 
vided by Rays drawn from the Center C, as CA, CB, CD, Sc. con- Fig: 9 


taining between themſelves Angles exceeding ſmall. 

Let us conceive every one of the Angles to be continually increaſing or 
diminiſhing, whilſt the Radii keep their Length, and that a new Curve 
af is produc'd paſſing thro” the Ends of the Radu. 

The Triangles AC B, a c b, becauſe of their equal Baſes C A, ca, are 


to one another as their Heights *, which are as the Angles ACB, ac; 1 El. VI. 


but all the Angles in one Curve are to the correſponding ones in the other, 
in the ſame Ratio; for in all the Curves they are all equal to one an- 
other; therefore any correſponding Triangles, as ACB, ach; BCD, 


cd, are in the ſame Ratio “; ſo that thoſe mix'd Triangles are propor- 12 El. V. 


tional, ACE:ace::ECF:ecf; and by Alternation ACE:ECF:: 
ace:ecf. 
Now G us ſuppoſe a Body to be mov' d in the Curve a f, whilſt a Body 
ated on by a central Force tending to C goes thro” the Curve AF; and 
let us conceive beſides, that whilſt one Body runs thro* AB, the other 
is carried along a bz whilſt the firſt is come to D, that the other is at 4, 
and ſo on; therefore in the ſame Time AE, ae, and in the ſame Time alſo 
EF and ef are gone thro'; therefore the Times in which AE, EF are 
gone thro', are as thoſe in which the Body is mov'd thro* a e, ef. But 
thoſe Times are as the Areas ACE, ECF“, which are as the Areas 
ace, ec; in which Ratio therefore are the Times in which the Body is 
carried through a e and ef which Demonſtration alſo, ſince it obtains, 
taking any Arcs whatever, it follows, that a Body carried in the Curve a f, 
deſcribes Areas by Lines drawn to the Center c, proportionable to the 
Times, and is retain'd in its Curve, by a Force tending to the Center c *. 

Now let us conceive the Curve A C ſo to move about the Center C, 
that the angular Motion of the Curve follows the Proportion of the angu- 
lar Motion of the Body agitated in that Curve, when the Body moves in 
the Curve from A to F, its angular Motion is ACF; let us ſuppoſe the 
Curve in the mean time to be transferr*d by an angular Motion, and that 
the Line aC is come to the Situation A C; and that the Angles A CF, 
AC a, as they increaſe, keep the ſame Ratio to one another; the Angles 
aCF, A CF “*, will alſo be in a conſtant Ratio. 

Now if this be the Ratio, which in the former Figure (9) 15 given be- 
tween the Angles 4c „, ACF, and the Body be mov*d, and be retain'd 
by the central Force in the quieſcent Curve AE F, and another Body in 


ſald, 


the ſame manner runs thro' a like Curve, and equally agitated, as has been 


885. 041. 


15 585. 642. 
Plate XXIV 
Fig. 10. 
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Taid, that laſt, as plainly appears, will really move in the quieſcent Curse 
4 Cf. 


661. 


Force, may by another central Farce, deſcribe the ſame Curve, moveable aut 
the Center of the Forces. | | 


662. 
Plate XXIV. 
Fig. 11, 


is equally deflected by the central Force from the right Line ; that is, it 


* 660. 
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angles A La, DE d&, are equiangular, and the Angles A La, DF 4 
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Hence we deduce, that every Body that deſcribes any Curve by a cento 


Now we muſt treat of the Difference between thoſe central Forces. 
Let A, B, D, very little diftant from each other, be three Points of any 
Curve run thro' by a Body tending to C by a central Force; and let GBH 
be a Tangent to the Curve in the Point B; and let G D, H A be paralle 
to BC: we ſuppoſe G B, B H to be equal to each other, and therefore 
that AB, B D are run thro' in equal Times. | 
Becauſe of the Diſtance between the Points A, B, D, being infinitely 
ſmall, the central Force in its Motion thro' thoſe Points is not chang'd 
therefore in the equal Times in which AB, BD are run thro', the Body 


Way is equally curv'd from which equal Deflection it follows, that H A, 
G D, are equal to one another, 

The Angle which any Curve makes with the Tangent is infinitely ſmall, 
therefore H A and D G are infinitely ſmall in reſpe& of HB, BG; where. 
fore as theſe are equal, and infinitely ſmall, the Angles BC A, BCD ar: 
equal. 

"Beſides, let the Angles A Ca, D Cd be equal; and with the Center ( 
let the circular Arcs A a, D a, be deſcrib'd. It appears evidently that th: 
Points a, B, d, are the Points of the Curve in which the Body is mov'd, it 
it be carried in the moveable Curve A B D, ſuppoſing the angular Motion 
of the Curve to be to the angular Motion of the Body, as the Angle aCA 
to the Angle AC B“*; and in that Motion the Body is carried from a to 
B, in the ſame Time that it goes from A to B in the quieſcent Curve. 

Let us ſuppoſe F BI to touch the Curve à B d, in the Point B, and that 
Ja, Fd are parallel to BC; becauſe a B, B d, are run thro' in equal 
Times, IB, B F are equal, which might be gone thro' in the ſame Time, 
the central Force being taken away; F d, Ia are alſo equal; which 1s 
ſhewn by the ſame Demonſtration, by which we prov'd HA, GD to be 
equal, | 

hy =D F, G, and H, I; and draw D E parallel to FG, and AL parallel 
to HI; produce E D to O cutting B C at N. | 

Becauſe of the equal B H, BG, and BI, BF, and alſo the equal An. 

gles H BI, FBG, the Triangles FB G, BH I are equiangular and con- 
gruous *, wherefore FG, H 1 are equal, which are alſo parallel T: where- 
fore A L, ED, and FE, GD, HA, IL are alſo equal and paralle| ; 
and La, Ed are alſo equal, as they are the Differences of Quantities . 
ſpectively equal: Aa and D d, the Meaſures of equal Angles, in Circles 
whoſe Radii differ but infinitely little, are alſo equal; therefore the If. 


equal; but this laſt is equal to the Angle ON C, and the other r 
2 E 
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angle DN C * ; becauſe the Legs are parallel; wherefore the Angles 
ONc, DNC are equal and right Angles. 

In the Time that Fd is run thro' in the moveable Curve by the central 
Force, G D, which is equal to F E, is run thro? in the quieſcent Curve by 
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29 El. I. 


663. 


the central Force; therefore the Space run thro' in the ſame Time by the 


Difference of the Forces is E d. But the Point E in this Figure is deter- 
min'd by drawing a Perpendicular to B C thro' P. 

Theſe Things being ſuppos'd, let C be the Center of the Forces, and 
et the Body move in the Curve A E G. ſo agitated about the Center C, 
that the angular Motion of the Curve may be to the angular Motion of 
the Body in the Curve, about the ſame Center C, as the Angle aCA to 
the Angle ACE: Let FG be a Continuation of the Curve A E; with 
the Center C and Radius C G deſcribe the Arc F Gg; and drawing E C, 
GC, let the Angle G CF be made to the Angle E C G, as the Angle 
CA to ACE. Whilſt the Body runs thro” E G in the Curve AE, by 
de Motion of the Curve, the Point G is transferr'd to F, and the Body 
rurs thro E F in the Time that it could have gone thro' E G in the qui- 
ccent Curve. Let GH be drawn thro? G perpendicular to E C, which 
continued any how cuts E Cat H, and CF continued at f; and FF will 
de the Space run thro* by the Difference of the Forces, ſuppoſing the An- 
els FCG and GCE infinitely ſmall *, 

If taking any other Point E, E G and E F are fo determin'd, as to be 
deſcrib'd in an equal Time, wherever the Point E is; that is, if the Areas 


664. 
Plate XXIV. 
Fig. 12. 


1 633. 


GC, E. F C, have a determin'd Bigneſs “, the little Line F F will be pro- * 585. 641. 


portional to the Difference of the Forces Þ. 
Let the Area E G C be call'd N, and the Area EF C, M; ſuppoſing 
N and M to be determin'd Quantities. We have ECxGH = 2 N, and 


. N 2 M 
ECxfH=2M; , ES. W 

x f 2 whence we deduce G ge FO and fH EC a 
alof HH; that is, fog = E , and fH—GH, that is, 


GE 2M2N ; 
Fe By the Property of the Circle fG x fg = fF xf1, taking 


C and CI for equal “. 


This Equation ſubſtituting for FG and f g their Values, is chang'd into 
IM —4N3 1 


this E = FFI - but by reaſon cf f F infinitely ſmall, T.1 


equal to 2 FC, and becauſe C F and E. C differ infinitely little, one may 


v2 taken for the other: therefore the Equation is again chang'd into this 
M -AN 2 M4—2 Na 

Tf —=2/FxCF: therefore f F = —-—. The Nu- 
merator of this Fraftion is a conſtant Quantity; therefore 7 F, which ex- 
Prelles the Difference of the Forces, is in the in verſe Ratio ct the Denomi- 
"ator z namely, of the Cube of the Diſtance 1 om the Center. 


This 


+ 646 


* 36 El. III. 
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* 626. 657. 
* 665. 666. 


669. 


670. 


* 626. 657. 
+ 665. 
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This Force is the Exceſs whereby the central Force in a moveable Cun 
exceeds the Force in the quieſcent Curve, and the Motion of the 8 
conſpires with the Motion of the Body. : 

When the Point F falls between G and H, the ſame Demonſtration 
ſerves, but the central Force in the quieſcent Curve exceeds the other and 
the Motion of the Curve is directed contrary-wiſe. But if the Point f falls 
between H and g, or beyond g, then we conſider the Motion of the Bod 
towards contrary Parts from E to A. F 

From all this we deduce, That if a Body, by any central Force, deſcrite 
a Curve, it will deſcribe the ſame Curve, moveable about the Center of Forces 
if you add, or take away the Force which follows the inverſe Ratio «of th 
Cube of the Diſtance. 


If the Force be added, the Motion of the Curve, and the Motion of the 
Body, tend the ſame way. 


1f the Forces be taken away, they are directed towards contrary Part, 


SCHOLIUM V. 
Of Motion in an agitated Ellipſe. 


BODY is retain'd in an Ellipſe by a central Force, tending towards 
the Center, and decreaſing in an inverſe Ratio of the Square of the 
Littance * ; if a Force be added, which decreaſes in an inverſe Ratio of the 
Cube of the Diſtance, the Body will deſcribe the ſame Ellipſe; but ſo car. 
ried, that its Motion will be directed the ſame way with the Motion of the 
Body. The laſt Force decreaſes more by a Diſtance being encreas'd, than 
the firſt ; therefore the Sum of the Forces, decreaſes faſter than in the in- 
verſe Ratio of the Square of the Diſtances, whence the Propoſition o. 
Ne 631 is prov'd. | | 
By a like Demonſtration appears the Truth of N® 632; for if from the 
Force, which follows the inverſe Ratio of the Square of the Diſtance, be 
taken, the Force which follows the inverſe Ratio of the Cube of the Di 
ſtance ; that is, which decreaſes faſter than the firſt, that which remains di- 
miniſhes more ſlowly, than according to the inverſe Ratio of the Square ot 
the Diſtance, that being encreas'd. | 
In No 630, 631, 632, we have treated of Forces, decreaſing according 
to a Ratio differing but little from the duplicate inverſe Ratio of the Diſtance, 
or of Curves nearly circular; becauſe in theſe Caſes there are no ſenſib!: 
Errors in the Propoſitions, tho? the Forces follow the Ratio of ſome oth! 
Power of the Diſtance ; in which Caſe, mathematically ſpeaking, the Curve 
is not an Ellipſe, mov'd according to the Laws explain*d ; for which 15 
requir'd a Force which is the Sum or Difference of the Forces, c 
which one follows the inverſe duplicate Ratio *, and the other the triplicate 
Ratio of the Diſtance . | TO Nos 


Now to determine from the given angular Motion of the Ellipſe, the 67r. 


and the Motion of the Curve, let A be the Extremity of the greater Axis; Fig 13. 
F the Focus, the Center of the Forces; a A a Portion of the Circle de- 
ſcrib'd by the Center F, and Radius FA; AL a Portion of the Ellipſe. 

Let us ſuppoſe while the Body 1s carried in the Ellipſe along AL, that 
the Curve is carried by the angular Motion a F A ; and that the Angles 
4 FL, AFL are to one another, as M to N. We allo ſuppoſe thoſe 
Angles to be infinitely ſmall, At à and A, to the Circle a A draw the 
Tangents a7, E Al, running together at E, and the laſt of which alſo 
touches the Ellipſe at A; draw allo AB, LI, parallel to a F, the laſt be- 
cauſe of the infinitely ſmall Arcs a A, A L, may be look'd upon as pa- 
rallcl to AF; laſtly, let A C be parallel to 2B, and LG to Al. 


L. A, by reaſon of the ſimilar Triangles E BA, E iI, E B or r 42 B: Fz 

ra - AB:: BA: iI; but 4 B is to ai, as the Angle a FA to aF; 

that is, as M — N to M: therefore B A: i I:: M —+N:+ MAN 

: MN: MN. From the Property of the Circle à Cor BA, 4à Af 

or a B, and the Diameter, are in a continued Proportion * ; therefore * 31 El. 3: 


BA= a The Ellipſe in the Extremity of the greater Axis, falls in 
2 | 
with a Circle, whoſe Diameter is the Parameter of the Axis “; therefore if 75 83 
A I q B 14 a B d Hires ei! 

—_ i 8 9 "gy 8, 
this Diameter be call'd 2 R, I L will be _ Ba _—_ N 1 
B. M — N: J M — N 
* as = . | ro * . therefore TL KB:: N. 1 


But as we have ſeen AB: Ii :: M- N: M- N ; therefore by the 
Naxũ MN i M — NixM+N 
R AF 
„ 2 Ns : ee I L and i L are gone thro? 
AF R AF | 

in the ſame Time, by the firſt Force, which is that with which the Body 
1s rctain'd in the quieſcent Ellipſe; and the ſecond, the Difference of that 


Force with the Force by which the Body is retain*d 1n the moveable El- 
q 


pſe: therefore the Force in the Ellipſe is to that Difference, as R 0 


Compoſition of the Ratio I L : I z : : 


XI — X q * * 646. 
. 
N 4 ' *_\ 4 Nr { 1 'd 
Let T be call'd the Force by which a Body in an Ellipſe is retain d 


| ! NN. q 
in the Point A, and let N : . ::, to the Difference of the 
: R A F A L 1 
| R M M ; 
Forces VEIL R N . at the End of the greater Axis. 


AF . 
1. f Y it 
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Force to be added, or taken away, and vice ver/a, from that being given to Plate XXIV. 


Ea and E A“ are equal, therefore alſo a E and EB, which is equal to 36 EL III. 


626. 657. 
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If we ſpeak of any other Diſtance, and call it D, the Force by which the 


I [ 


Body is retain'd in the Ellipſe, is diſcover'd by this Analogy * 
AH B 


1 Na ; NN 
IA to the Force required 55 

The Difference of the Forces is diſcover*d by this Rule *, * . 
— ON to the Difference requir*d RR NN 


A F< LJ 
Therefore the whole Force by which the Body is retain'd in a moveable 
N * R MM - RNN 


D 4 De 
Body and the Ellipſe go the ſame way. 


Ellipſe follows the Proportion 


7 when the 


. . N 
If theſe Motions are contrary, the Force is propoitional to 55 _ 


RMM+RNN 
— ; 


S$CAHAOLIUM VL. 


Of the Computation of the Motion of the Apſides in Curves differing 
very little from a Circle. 


HE Ends of the greater Axis of an Ellipſe, in which a Body i; 
mov'd, which is retain'd by a Force tending to the Forces, are 
cali*d the Apſides. We are now about to determine the Motion of tlic 
Apſides; that is, the angular Motion of the Ellipſe, ſuppoſing any Force, 
different from that which we have treated of in the foregoing Scholium ; 
in which Caſe, the Motion can't be referr'd to a moveable Ellipſe, unl.!: 
we ſpeak of a Curve very little differing from a Circle *, 
We muſt premiſe a Lemma. The Square of this Quantity a - 1591 
22 U ; that the Cube may be form'd, all the Quantities © 
this Square mult be multiplied by 4 -; the Product of the two 61! 
by it is 2 — 3 42 4 +246 8b, and in the remaining Part of the Proc. 
b riſes to a greater Power than the firſt. 
That a fourth Power may be form'd from the Cube, every one of th. 
Quantities of the Cube mult be multiplied : the firſt two being multiplics, 
we have a+ —4a*b +3 aa bb, and in all the remaining Quantities, / 
is rais'd beyond the firſt Power. | 
Continuing thus, it appears clearly, that in re/a//on to the Power of oh 
Duantity 3 b, whoſe Index is n, the firſt Terms are AD —na'.- O, 
and in all the remaining Terms b is rais'd to an higher Porter. | 
Now ſuppoſing what has been demonltrated in the foregoing Scholiumn. 


let AF the greateſt Diſtance of all be call'd H; and the undetern:in © Dy: 
; erence 
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r-rence between H and D be calPd X. By reducing the two Fractions 


NN, RMM— RN N DN N+R MM—RNN | 
Te jp to one, we have A ; | 


— 


ſubſtituting in the Numerator inſtead of D, the Value H — X the Force in 


be RMM—RNN-+HNN—NNX. 
the moveable Ellipſe 1s proportional to * 


- CE. TD. RCA II _ — * ** — 
= —— _— — — — > — — — —— — 
— 


Now let any Force be given, which, that the Solution may be more 
univerſal, we will conceive to be form'd of two Forces join'd, (if there | 
were more, one might proceed the ſame way) which have any Ratio to one | 
another, which is given between à and 4; and which ſeparately follow the | 
Ratio of any Power of the Diſtance. 
Let the firſt be as the Power m — 3, the ſecond as the Power n — } : 
a DW LS DAM axH—X"-HbxH—X" 
. D* 7 
Inſtead of H XN we put H - mH = X-+þ, Cc.“ Intheremain- ® 670. 
ing Terms X riſes beyond the firſt Power ; therefore all theſe are ſmall in 
reſpect of thoſe that are put here, becauſe X is very little in reſpect of H : 
tor we have ſuppos'd the Curve to differ very little from the Circle. 


In the ſame manner H - X H"—nH"—*X, and the whole 
aH"—amH">—!"X--+He —bnHo—' XxX. 
| TT 
If now the Motion of the Body, which is retain'd in the Curve by that © 

Force, muſt be referr'd to a Motion in a moveable Ellipſe, that Force mult 
be ſuppos'd analogous to the Force whereby a Body is really retain'd in 
ſuch an Ellipſe; for by analogous Forces, that is, which conſiſt of corre- 
ipondent and proportional Parts, ſimilar Curves are deſcrib'd. Theſe 


RMM—RNN+HNN—NNX 


Quantities therefore are analogous, — * > 


F'Þ op LOS Hon: = i OLA 1 
d — SE — * that is, becauſe 


therefore the Force propos'd is as 


Force is as 


8. 


of the common Denominator the Numerators are analogous. 

In an Ellipſe differing but little from a Circle, H ſcarce differs from the 679. 
*cmi-Parameter, as follows from the Generation of the Ellipſe *, and the * 625- 
Definition of the Parameter + ; therefore RN N H NN deſtroy one 1 {a ir, 
another, and R M M becomes HM M; and theſe are analogous Quan- 45 8 

| N | | ET 
titics! IMM—NNXandaH"—amH"—"X--bH"--bnH-7X; 55 
that IS, the conſtant Parts are to one another as undetermin*d, which are l 
multiplied by X; therefore HM M: NN X: 2H HR: 
a mH = XL In⁰ H= iX. When we muſt compute arithmett. | 
cally, e put the greateſt Diſtance to be expreſs'd by Unity, that is H = 1; 
we alio divide the Conſcquents by X, by which the Proportion is not di— 
ſturb'd: and we have M M: NN: : a ＋- : amn. 
Therefore N: M:: i: ar mil 689, 
am —+6n® 

2 6 This 
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682. 


the Force follows is diſcover'd ; and vice verſd, from the given Power i; 


683. 


* 631. 668. 
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This is the univerſal Rule, which is eaſily applied to particular Caſes 
Let there be a Force, which follows the Ratio of any Power of the Di. 


ſtance, and let its Index be n g; the Force therefore is, as pve put this 


a D235 Da 
Expreſſion equal to the general Expreſſion — TE and it appears 


that a and m, are not given, and they are therefore = o; 5 is one, and NI 


expreſſes any Number: therefore this Proportion N: M:: 1: A 7 | 


is chang'd into this N:M::1,yv/% or M:N::1:vn, 


That is, the angular Motion of a Body, in an Ellipſe carried along, is t; 
its angular Motion in the ſame Ellipſe at reſt, as one to the ſquare Root of « 
Number, which exceeds by three the Index of the Power, whoſe Ratio the 
Force follows. | 

Therefore from the given angular Motion of the Curve, the Power thut 


diſcover'd the angular Motion of the Curve. 

I ſhall give but one Example, which has its Uſe in Aſtronomy. 

Let a Body be given, which moves in an Ellipſe, which goes forward 
three Degrees in each Revolution ; that is, the Motion of the Body in the 
Curve is transferr'd 363 Degrees, whilſt it would go 360 Degrees in the 
quieſcent Orb; M therefore is to N, as 363 to 360; or as 121 to 129; 
and MM to NN, as 14641 to 14400: therefore N = 24, and the 
Power of the Diſtance whoſe Proportion the Force follows is +++ — 4 = 
295*3 ; wherefore the Force is reciprocally as D 43543 = D* 3+! = 
D* 3 early... ; 

If the Progreſs of the Apſides at every Revolution, was 3 Deg. 2, 48", 
the Force would be reciprocally as D* 24, nearly. 

I will propoſe another Caſe, which will alſo be of uſe in what follows, 
Let there be a Force given, whereby a Body is retain'd in a quieſcent El. 
lipſe, and which tends to the Focus; that is, which follows the inverſe 
Ratio of the Square of the Diſtance *, and let the Force be ſubſtracted 
which follows the direct Ratio of the Diſtance ; from the given Forces it is 


requir*d to find the Motion of the Apſides, and vice verſa. 


I _D—4D+__ aD®+5D*"_ 
The Force 1s as DTD — þD = De *. f therefore 
a = 1; 6= —b, mi; n=4. And N: Me: VIZ. whence ! 


_ MM—NN __ M+NxM—N 


4MM—NN 2M+Nx2M—N 
The Motion of the Apſides is directed the ſame way as the Motion ot 
the Body * ; becauſe as the Diſtance increaſes, the Force increaſes whereby 
it is taken off, whereby the Diminution in the Receſs from the Center!“ 
greater than 1n the inverſe Ratio of the Square of the Diſtance, 


In 


a», En N 
2 * 7 * 
8 Yd 99 
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In the foregoing Example, in which M: N:: 121:: 120, = 


362 x 122 
I 


— 133,4 
If to er Progreſs of the Curve, at every Revolution of the Body 


in the Curve, was 3 Deg. 2, 38“; 5 would be equal to —— ; that is, 


the Force ſubſtracted would be equal to ſuch a Part of the other Force, as 
would retain the Body in the quieſcent Ellipſe. 


The End of the Firſt Bool. 
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* 689. 


692. 


„„ K II. 
PART I. Of Innate Forces. 


3 1 


SR N 
Of the Mature, Generation, and Deſtruction of Forces 
in general, and their Differences from Preſſures. 


Quieſcent Body reſiſts Motion, not whilſt it is at reſt, but 
whilſt it is acquiring Motion * : A Body in motion, reſiſts 
Acceleration and Retardation ; not whilſt it keeps its Velocity, but 
whilſt its Velocity is changing, whether it is increas'd, or di- 
miniſh'd *. 
Therefore in general, 4 Body, that acquires, or hſes Velicity, 
reſiſts; which Refiſtance, in the laſt Caſe, is call'd an Action. 
For a Body which acquires Motion is ſaid to reſiſt by its Inertia; 
if it loſes Motion, it is faid to act by its innate Force: but theſe 
differ only relatively. The acquiring, and ling Velocity, often ex- 


preſs the ſame Change in Motion. 


A Body which has ten Degrees of Velocity, and loſes four, ac- 
quires the fame Velocity in a Ship, mov'd towards the fame Part 
as the Body, with the Velocity ten, or a greater ; and that, which 
in the Ship is taken for the Action, whereby Motion is communi- 
cated, if we do not attend to the Ship is call'd the Effect, by which 
that ſame Motion is conſum'd : that is, the Reſiſtance of the Body, 
of which we are ſpeaking, whilſt the Motion is chang'd *, is look- 
ed upon as the Effect of the Inertia by him, who is in the Ship, 
and refers the Motion to it ; but as to him who, without attenc- 
ing to the Ship, conſiders the Motion, the Body acts by its innate 
Force. 

Therefore Inertia and Force differ relatively only and the fam? 
Reſiſtance, ariſing from the Change of Motion *, is referr'd t the 


Inertia, or Force, according as this Change is look'd upon ds di. In- 


creaſe, or Diminution of Molicu. 14 
This relative Diſtinction between Inertia and Force being 5 

. » * aa 7 * E 

down, we ſee that a quieſcent Body has no Force; tor it 9 50 
Otlon, 
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Motion, nor act by its own Force; but 2 Body can re/ijt by its In- 


ertia, whether it is at reſt or in motion, 
Therefore Force is that, by which a Body in motion is diſtin- 


guiſh'd from one at reſt, and by wwh:ch a Body acquires a Faculty of 


acting upon an Ob/tacle. But theſe Words expreſs Relations, r be 
my'd and to be at reſt, to act and reſiſt, differ relatively only. 

Whence it follows, that thoſe things, which belong to this mat- 
ter, may be conſider d two ways, by attending to the Generation, 
or Deſtruction of Forces. 

We eaſily deduce from what is ſaid before, that Preſſure gene- 
rates Force; for we ſew, that a Body 1s mov'd out of its Place by 
it, if it (viz. the Body) be not retain'd by a contrary Action &. 
With whatſoever Celerity a Body yields, it will keep this for ever, 


696. 


697. 
M 6s.” 


whilſt it is not deſtroy'd by any outward Cauſe . If the Preſſure + 355. 


upon the Body be continued, 7he Celerity already acquir'd is increas d, 
and that as long as the Body is preſs d. 

There is never any Preſſure without a Reaction equal to that 
Preflure * ; when a Preſſure is not deſtroy'd by a contrary Preſſure, 
but moves an Obſtacle, and generates Force, the Reſiſtance, or 
Reaction of the Obſtacle, is to be attributed to its Inertia, as we have 
ſeen *. 

A Preſſure is often deſiroy'd in part by a contrary Preſſure, what 
remains in this Caſe moves the Obſtacle, and generates Force ; thus a 
Ship drawn by a Rope, ſuffers Reſiſtance from the Water : as long 
as this is leſs than that Preſſure, by which the Rope is drawn, the 
Celerity of the Ship is increas'd, and the Reaction, which is equal 
to the Action, as the Rope is equally ſtretch'd both Ways, is to be 
attributed in part to the Inertia of the Ship. When, the Celerity 
being increas'd, the Reſiſtance of the Water has increas'd ſo much, 
as alone to deſtroy the Action, whereby the Ship is drawn, it pro- 
ceeds by its innate Force, with an equable Motion; two Preſſures 
acting upon it, which mutually deſtroy one another; as I obſerv'd 


before of the Carriage *. 


bt every Caſe in which an Obſtacle is mov'd by a Preſſure, or its 
Motion increas'd, the Preſſure is not entirely deſtroy'd by the con- 
trary Preſſure, wherefore Force is generated. | 

\ Prefſure, in an Inſtant infinitely ſmall, can only communicate 
a Velocity infinitely ſmall, and therefore a Force infinitely ſmall to 
« Lody ; therefore the Force is the Effect of a Preſſure, which has 
ned upon the Body in a finite Time, and 7s equal to the Action of 
he Preſſure, which communicated t; for the Effect anſwers to =e 
whole 
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whole Cauſe : therefore the Force is equal to the whole Action 
which the Preſſure exerts, whilſt it acts in a finite Time. But 
the Preſſure itſelf is deſtroy'd in all the Moments, infinite! 

ſmall; and when we ſpeak of its Greatneſs, that Action only tout 
be conſider'd, which it performs in ſuch an Inſtant ; for this is di. 
ſtinct from the Action of the Preſſure, which acted in the foregoing 
Moment, or ſhall act in the following. Whence it follows, That 
the Force exceeds Preſſure, as much as a finite Time exceeds an jy. 


finitely ſmall Moment. 


Therefore all Preſſure in reſpect of innate Force is infinitely ſmall 

Therefore the /mallejt Force can exceed the greateſt Preſſure, 

Thoſe who have endeavour'd to compare Preſſure with the innate 
Force, conſider'd that Effect of Preſſure, in which a Body was 
broken, or the Parts preſs'd inwards, which could be done, with- 
out a local Motion, and therefore a Generation of innate Force“ 
the Effect of which innate Force was compar'd with the Effect of 
the other Force. | 

And it agrees with daily Obſervations, that the ſmalleſt Stroke 
is greater than any Preſſure whatſoever. For let there be given a 
Preſſure, how great ſoever, if an Obſtacle be oppos'd to it, which 
can't be overcome by it in a ſmall Time, it will not be overcome 
at all. But a Stroke how ſmall ſoever, often repeated, can deſtroy 
every Obſtacle. 

In all theſe I don't ſpeak of a Preſſure infinitely great, which 
generates a Force infinitely great in a finite Time. 

When a Preſſure generates Force, equal Degrees of Velocity arc 
not communicated by an equal Action in the Acceleration; for tba! 
equal Degrees of Velocity may by equal Actions be communicated to equal 
Bodies, one of which is at reſt, the other in motion; 27 7s reque/ite 
that that, which acts upon the Bodies, ſhould have the ſame Relat!51 
in reſpect of each; that is, it is requiſite that the moving Cauſe be 
carried with the ſame Velocity as the Body in motion, which it 
can then act upon as upon a Body at reſt : but the Acton, by which 
the moving Cauſe is transferr'd, is to be ſuperaddedto the Action of tt" 
that we may have the whole Action by which the Body is mo d. For 
both Actions are employ'd towards moving the Body. Hence de- 
duce that a Body is accelerated with more difficulty than it 5 
mov'd, and with ſo much the greater difficulty, as it has the great- | 
er Velocity already. 

As the Preflure increaſes the Velocity, and therefore the Fr, 
ſo alſo it is plain enough, that this may be diminiſh'd by the Frais; 
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and that a contrary Action deſtroys the F orce, whilſt it is con- 
ſum'd: which Deſtruction of the Reſiſtance is call'd the Effect of 
the Force, as we have ſaid already *. * C91. 

But whilſt a Body itſelf acts, it ſuffers no Action, except the 709. 
Reaction from the Reſiſtance of the Obſtacle ; which Reaction, as 
it is equal to Action *, it follows, that a Body is acted uon as much * 3*"- 
ns it acts ; and that the Effect of the Action upon an Obſtacle fol- 
gros the Ratio of the Force loſt; for the Diminution of the Force is 
the Effect of Reaction: whence I deduce, that the whole Forces 
are proportional to the Effects by which they are conſum'd, which 
is alſo evident from another Conſideration. 

A Body never acquires, or loſes Motion, in an indiviſible Inſtant ; 710, 
this always is done ſucceſſively: and as the whole Action by which 
the Motion is communicated, 1s equal to the Sum of all the ſmall 
Actions, by which acting ſucceſſively the Motion was communica- 
ted * ; ſo the whole Action of the Body is equal to the Sum of * 69-. 709. 
the ſmall ſucceſſive Actions, by which the Body conſum'd its 
Motion. 

The greater the Reſiſtance is, which the Body ſuffers in a cer- 711. 
tain Moment, the greater its Action is in this very Inſtant. There— 
fore, if the Reſiſtance be continued, the greater this ſhall be, the 
ſooner the Body will loſe its whole Force; yet the Effect will not 
be different: for the Force which is deſtroy'd by the Reſiſtance, 
ſollows the Proportion of the Reſiſtance, and of the Time in which 
it acted; that is, the Force loſt follows the Ratio compounded of 
the Reſiſtance and Time; which ſame Ratio the Action of the 
Body follows, and the Effect which it produces. | 

So that it again appears that he Force loft 1s proportional to the 712 
ect, which it produces whilſt it is deſtroy'd, whether it be deſtroy'd 
'1 a ſhorter or langer Time, Which we ſhall afterwards find to 
agree with Experiments. I have demonſtrated above, that the 
Force is equal to the Action by which it is communicated “; but » 703. 
om this it appears that the Force is equal to the Action by 
which it is conſum'd; whence I deduce, that any Degree of Velo 71} 
ty may be taken awa y by the Action, by which it can be communica- 
„d. By an Action, equal to that, by which a tenth Degree of 
\elocity is ſuperadded to a Body, which has nine Degrees, if it had 
ten, it would be reduc'd to nine. 

Whence it follows, that a Body is with more difficulty accelera= 714. 
ed than retarded, If a Body has ten Degrees of Velocity, a tenth 
2 more cafily taken away than an eleventh communicated &. * 07, "12, 
Vor. . 75 From 
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From theſe more general Things concerning innate Forces their 
Meaſure mult be deduc'd; but we muſt not immediately refer to 
Forces what is demonſtrated of the Meaſure of Preſſures; for Preſ. 
{ure and Force differ entirely. 

1. A Preſſure can att in a Place, but the Aion of an innat- 
Force is from one Place to another : for unleſs the Body is in mo- 
tion, it cannot act by its innate Force ; that it may refiſt by its In- 
ertia alſo, it may be mov'd out of its Place. 

2. The Intenſity of a Preſſure upon a Point, to which it is im- 
mediately apply'd, is determin'd in ſingle Moments, and depend; 
upon the Preſſure itſelf. The Intenſity of the Acdlion of any innate 
Force, does not depend upon its Greatneſs, but upon the Obſtacle, 
which may be varied in infinitum, the Force remaining the 
ſame *. 

3. The Action of a Preſſure is undetermin'd, is chang'd according 
to Circumſtances *, and, ceteris paribus, follows the Ratio of the 
Time in which it acts. But the innate Force of a Body, its Maſi 
and Velocity being given, is determin'd, and can only produce a deter- 
min'd Effect, which is perform'd in a ſhorter, or longer Time, ac- 
cording to the greater, or leſs Reſiſtance, which it ſuffers &. 

4. There is no Preſſure without Reſiſtance *; ;/ it does not af, 
it is not a Preſſure. But innate Force is inherent in a Body, ili 
the Body continues in motion with the ſame Velocity, keeping its 
Direction, it does not act by its own Force, but keeps it entire. 

5. Preſſure and Force are incommenſurable to one another ; this 1s 
infinitely great in reſpect of that &. 

6. Laſtly, A Preſſure immediately deſiroys an oppoſite Preſſure ; 
but I ſhall demonſtrate in what follows, that a Force can never tm. 
nediately deſiroy a contrary Force. 


CHAP. 
Of the Meaſure of Forces from their Generation. 


E have ſeen that Force is generated by Preſſure, and that 
this is equal to the whole Action, by which it was com- 
municated * ; wherefore I muſt now ſpeak about determining this 
whole Action. | 

It is manifeſt that the Action of a Preſſure, ceteris paribus, fol- 
lows the Ratio of its Intenſity “. . 


— 
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We have alſo ſeen that ar Action, the Intenſity of” the Pawer be- 723 N 
ing given, follows the Ratio of the Space paſs'd thro', in a certain | 
Time, by the Point to which it is apply'd *. All that has been * 14:1. 351 
Jemonſtrated of the Aquilibrium depends upon this Foundation; | 
a Weight of one Ounce ſuſtains the Endeavour of a whole Pound, | 
when, the Agitation of the Points to which they are applicd, being | 
given, the Space paſs'd thro' by the former exceeds the Space | 

| 


71 


which the whole Pound paſſes through in the fame time ſixteen 
times. But the Space, paſs'd thro' in a certain Time, follows the 
Ratio of the Velocity of the Point mov'd &. * 119 

Laſtly, it is alſo plain, that the Action of a Preſſure, which acts 24. | [| 
in Time, follows the Ratio of this Time. | 

Therefore the whole Action of a Preſſure is, as its Intenſity *; 725. 
as the Velocity of the Point to which it is applied +, and as the Time“ hh 
in which it has acted , that is, it follows the Ratio compounded of! 8 
theſe three Ratios; and is as the Product which is had by multi- | 
plying theſe three ; and it appears plainly enough, that nothing be- | 
ſides is to be conſider'd in this Determination. 

If, during the Action, the Intenſity of the Power, or the Velo- 
city of the Point be varied, the Action is to be determin'd in each of 726. 
the Moments, and the Sum of all the ſmall Actions will be equal to the 
whole Action; to which the Force communicated will be equal“; * 700. | 
if it produces no other Effect, beſides the Generation of the Force 
itſelf. 

The Space paſs'd thro' follows the Ratio of the Time and Ve- fl 
locity * ; whence J deduce, that the Conſideration of the Time and 121 | 
Velocity, in the Computation ſhewn, may be neglected, if we 1 
attend only to the Space paſs'd thro' by the Point which preſſes; and 5727. | 
this Space multiplied by the Intenſity of the Preſſure, will expreſs the 
Force communicated, | 

It a Point, ꝛwbiſſt it paſſes thro a determinate Space A B, preſſes 528. 
with a certain Force, that is, if the Intenſity of the Preſſure is de- Plate XXV. 
tormin'd, it will produce the ſame Action, whether it be mov'd faſter, Fig 1. | 11 
„ ſ/rwer ; for the Time is diminiſh'd, as much as the Velocity is | | 
increas'd, and vice versa ; that is, as much as the Action is di- | * 
miniſh'd in reſpect of one, ſo much is it increas'd in reſpect of the | | 

4 


other * ; therefore in this Caſe we don't attend to the Time. 723. 724. 
If the Intenſity of the Preſſure is varied; but determin'd in each . 
of the Points of the Line; the Action will alſo be determin'd in each il 
of the ſmall Spaces ; and the Sum of the ſmall Actions will * the it 
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fame alſo, in whatſoever Time the Line ſhall be paſs'd over by the 
Point preſſing. 

This is the Caſe, when an elaſtic Plate, bent, (which we {1 
call a Spring in what follows) is let looſe. Then the Point preſ- 
ling paſſes thro' a Space as AB; and in different Relaxations, the 
ſame bending of the Spring being given every Time, the Action!; 
the ſame ; becauſe every time the ſame Space is paſs'd through, and 
in any determinate Point as c, of the Way paſs'd thro”, there is the 
ſame Intenſity of the Preſſure, in each of the Relaxations. 

Therefore the ſame Spring, bent in the ſame manner, whilſt it ;, 
relax'd akvays communicates equal Force to a Body, whether it be g 
lax'd ſlamben or faſter, if the Inertia of the Spring be not ſeparated 
from the Inertia of the Body ; which obtains, it the Spring makes 
part of the Body, We ſhall always obſerve this in Experiments, 
and it takes place in all elaſtick Bodies. 


A MACHINE, 


WWhereby Experiments are made on a Pendulum, mov'd by the Afi; 
of a Spring. 


The vertical Board A BC, made of thick Wood, ſtands upon 
the Foot D F E, the Supports H, H, being put between. That 
this Board may be the firmer, there is join'd to the hinder Part of 
it; the vertical Piece I, that reaches almoſt to A: this is faſten'd 
to the Board L, which is triangular, rectangular, whoſe Baſe is 
applied to the Piece F of the Foot. 

The Foot is ſupported by three Rollers, like thoſe deſcrib d 
above *. The Machine is fix'd by three Iron Screws c, c, (the 
third could not be repreſented) by raiſing it a little; and by theſe 
it is put into a vertical Situation, and the Line BC is horizontal; 
which Situation the Plumb Line T ſhews. 

The Machine 1s rais'd only to a ſmall Height above the Bate 
DFE, that it may be the more firm. | 

A ſquare Iron Bar M goes through the upper Part of the Board 
perpendicular to it, which is ſo faſten'd behind the Board as to be 
immoveable. Upon this is mov'd a ſquare braſs Tube, which 1s 
faſten'd by four Screws | 

To this Tube two Plates are join'd, which ſupport an Iron Ruler 
O Q, ſufficiently thick, that it may not have a tremulous Motion 


when mov'd; the Motion is made about an Axis, join'd to the 
upper 
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upper part of the Ruler. This Axis Is of Steel, well poliſh'd, and 
fiſten'd tight; its Extremities are conical, and go into Cavities or 
Boxes very ſmooth, of the ſame Figure, and turn in them. Theſe 
-onick Cavities are in the Ends of Screws, which go thro” the faid 
Plates, and in which they ſtick fo that they can't be mov'd with- 
out difficulty ; by a ſmall Motion of one Screw the tremulous Mo- 
tion of the Axis in the Boxes is hinder'd. p 

The Ruler OO, which, together with thoſe Things which are 
0in'd to it, (and of which afterwards,) makes a Pendulum, 1s at 
reſt in a vertical Situation, parallel to the Surface of the Machine; 
and when it is mov'd, it moves in a Plane parallel to this Surface, 
From the angular Motion of this Pendulum we determine the 
Force with which it is mov'd; and we determine this Motion by 
two Indices, moveable in the Slits »2 m, 7 7, the laſt of which only 
js here repreſented ; they are faſten'd by Screws applied to the 
hinder Part of the Board. Its Surface 1s made a little hollow 
near the Slits, by which the Motion of the Indices is directed, 
Theſe are made of a thin Plate e þ, to which a Screw is join'd at the 


ſtands at right Angles; upon this is moveable a ſmall Curſor, or 
ſliding Piece i, which is at pleaſure faſten'd at any Part of the In- 
dex. Such an Index is repreſented by itſelf at G. 
This Index is faſten'd, to determine the Height, to which the 
Pendulum aſcends in a certain Motion, or that from which it is let 
go in other Experiments. The Velocity depends upon this Height, 
which the Pendulum acquires by deſcending ; and in the Aſcent 
it determines the Velocity, with which the Pendulum is driven 
upwards, | 
We meaſure theſe Velocities by the Braſs, divided Rulers, VX, 
YZ, which are applied to the Board in an horizontal Situation ; 
the Surface of which is hollow'd in ſuch manner, as to agree with 
the Surfaces of the Rulers. There are Screws join'd to the hinder 
Part of the Rulers, which go through Slits in the Board, that the 
Rulers may be faſten'd ; Slits are uſed inſtead of Holes, that the 
Rulers may be manag'd more accurately, whoſe Ends X, Y, ought 
to antwer to the Surfaces of the Pendulum; namely, each to the 
Surface, which is given at the ſame Part with it; which is exactly 
determin'd by help of the Square 10g %; for the Lines og, gp, be- 
g applicd to the Table, we ſhall have g / rais'd at right Angles, 
which if it be applied to the Surface of the Pendulum, whilſt at 
reit, the Point g thould agree to the End of the Ruler, The Pen- 
dulum 


hinder Part, at the End , and upon which the Index itſelf e f 
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dulum being rais'd any how, we meaſure its Inclination, if tl. 
Square be to applied, that g / may b dicul 3 
ua Pplled, that & may be perpendicular upon the Su- 
face of the Poard, and touch the lateral Surface of the Pendy!... 
rais'd higher ; then, if the Point g falls upon the divided Fe of 
the Ruler, it will agree to the Divition, which ſhews the eln 
—]⁰ m pp ̃ ̃ . ĩ ͤ 

The Diviſions of the Rulers begin at the Ends X, Y, and] 
the Angles of Inclination of the Pendulum, whoſe Subtenſes 
which follow the Ratio of the Velocities *, are as the N umber; 
mark'd upon the Diviſions ; the whole Ruler contains 24 Diviſion: 
each of which 1s divided again into ten ſmaller, | 

Three Curſors are applied to the Pendulum; which are movcable 
along it, and may be taſten'd at pleaſure in any Place; two are re- 
preſented at A and B, and the third is like A; the Holes e, c, / 
of which c only can be ſeen, and which are equal, and diſpos'd i; 
the ſame manner, have a Screw, that the ſolid Pieces F, G, H, I, I. 
(Pl. XXVIII. Fig. 7.) may be applied to the Curſors, which ſolid 
Pieces have a Tail with a Screw on it: there is a ſixth like ard 
equal to H; of theſe I ſhall ſpeak ſeparately afterwards, when ! 
explain each of their Uſes. Four of theſe Solids are join'd to the 
two firſt Curſors as A; to the third, as B, there is added a fifth 
at e. All theſe Solids weigh equally, and are of equal Heights. 

To the third Curſor B there is join'd at /, by help of two Screw: 
g, g, going into the Holes 2, 7, a Steel Spring OO. Its Plate M 
M is applied to the Surface of the Curſor, and the Screws, by 
The Elaſticity is in 
the Rings O, O; that is, theſe are elaſtic; and therefore the 
Plates P, P, when they are mov'd towards the Plate M M, recede 
from it of their own accord, when they are relax'd. 

In the middle of the Plate MM a Piece like a little Tongue r » 
of Steel ſticks, having Teeth on its fides, and whoſe Head 8 ſtands 
out a little beyond P, P, and 1s perforated. 

The three Curſors (the two firſt with their Solids, and the third 
with its Solid and Spring) weigh equally ; and the Parts of each 
are in Aquilibrio in ſuch manner, as, when applied to the Pendu- 
lum O Q, not to alter its Situation: the third with its Spring, and 
Solid join'd to it, is repreſented join'd to the Pendulum at R; and 
the Pendulum may be mov'd by the Spring; which that it may be 
done, the iron Plate S is applied to the Board A BC. 


1e 
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I repreſent this Plate by itſelf at AB; to this another BC is 

-0in'd at right Angles, of Iron alſo, which is 
middle. 
"Upou this two ſmaller Copper Plates, de, nz, ſtand at right 
Angles alſo; which ſupport a ſmaller ſteel Plate /g; this is repre- 
ſented by itſelf at FG, drawn according to its true Bigneſs; it has 
our Ears b, b, b, b, which Screws go thro', when the Plate is 
faſten' d; in its middle there is an oblong Hole L. The anterior 
Surface, which is repreſented at Fig. 4. is poliſh'd; the hinder 
curface is repreſented Fig. 3. and is alſo made ſmooth. To this 
are applied two Catches pq, p 9, moveable about Screws at p, p, 
which retain them ; the weak Springs faſten'd by the Screw Pins 
r, bring together the foreſaid Catches, and then the Heads 9, 9, 
come together; and when theſe are ſeparated, if they are left to 
themſelves they return to the ſame Situation. The hinder Faces 
of the Catches which we ſee in Fig. 3. are plane, but thoſe Parts 
of the anterior Faces, (Fig. 4.) which we diſcover in the Hole, in 
the middle of the Plate, are convex towards L. 

The Heads 9, 9, are ſeparated when the Hammer m is depreſs d; 
which is mov'd by the Motion of the Tail v 7; by which Motion 
the Axis fs is turn'd, upon which the Tail of the Hammer ne 
ſtands at right Angles. | 

The Plate AB is perforated in 22 and y y, that it may be faſten- 
ed by two Screws, made of Braſs, as %, going through Holes be- 
yond the Wood, by Help of the outward Screw 9, the Copper 
Plate / being put between, that the Wood may not be damag'd. 

This Plate, as I faid, is repreſented at S, and the Heads of the 
Screws at b, 5; and it may be faſten'd in four other Places by 
Screws going through the Holes a, a; a, a; à, 4; a, a; the Cur- 
lor R 1 faſten'd at ſuch an Height, that the Tongue of the Spring 
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may anſwer to the Hole of the Plate having the Catches * ; the * 740. 


Tongue is thruſt into this Hole, whereby the Catches, by reaſon 
of the Obliquity of the Teeth in the anterior Part, are a little ſe- 
parated, but immediately return when the firſt Tecth come beyond 


the Catches ; then the Spring bent is join'd to the Plate. If the 


Tongue be thruſt farther in, the following Teeth come to be uſed, 

and the Spring is bent more ; and by this Method the bending may 

be varied. 

7 The Plate S muſt now be faſten'd in ſuch manner, that the 

Fung remaining bent, the Pendulum may be put into a vertical 

dtuation. This is perform'd if to the Pendulum, when being left 
3 to 
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to itſelf, it has of its own accord acquir'd this Situation, the Indey 
e f be firſt applied, and faſten'd, that after the Spring is bent i 
may determine the Situation of the Pendulum; which may he 1 
termin'd alſo by help of the Square g /op. The Place of the Plate 
S, which is diſcover'd by this Method, is chang'd, if the Spring he 
bent in another manner. | 8 

Beſides the three Curſors mention'd *, two Weights alſo p. T 
are join'd to the Pendulum in the fame manner, the firſt of which 
is repreſented at P, (in Plate XXV. Fig. 2.) This firſt Weight i; 
two Pounds, and its Height an Inch and an half; the ſecond T 15 
twice as high, v2, three Inches; but it weighs only half a Pound. 

Theſe Weights are moveable along the Pendulum, and are faſten- 
ed at pleaſure by Screws. 


EXPERIMENT I. 


The Pendulum above-mention'd * is ſuſpended, the three Cur- 
ſors are applied to it F, which are faſten'd, at different Heights, 
- ſo as to anſwer to the Holes in the great Board, thro' which the 
Screws 6, &, are put; the Curſor R has the Spring join'd to it. 

R is twenty fix Inches diſtant from the Point of Suſpention, and 
the Spring is bent ſo, that the firſt Teeth of the Tongue go behind 
the Catches *“: the Spring is relax'd by the Motion of the Ham- 
mer F ; and, Trials being repeated, it is requir'd where the Index 
mult be plac'd *, that the Pendulum may come to it, without 
running againſt it; which may be determin'd to the greateit 
Exactneſs. 

The Situation of the lower Curſors is now chang'd; R is plac id 
where B was, at the Diſtance of twenty Inches from the Center o! 
Motion; and, vice verſa, B where R was; the Situation of the 
Plate S being alſo chang' d. The Spring is now bent, as in the 
foregoing Caſe ; and, being relax'd, the Pendulum aſcends to the 
ſame Height, | 

Let R be plac'd at the diſtance of eight Inches from the Contes 
of Motion, in the Place of A, and vice verſd ; if other Things be 
perform'd in the fame manner, the Height will alſo be the ſame. 
In theſe three Trials the Spring is bent in the fame manner, Þut | 
relax'd in unequal Times, and performs the fame Effect each Time, 
and generates the fame Force. 0 

In theſe we muſt attend well to every thing, the leaſt Neglect 


diſturbs the Experiment; therefore we have ſeldom a perfect 5 
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lity of the Angles. In my Experiments, here explain'd, the great- 
eſt Angle a little exceeded 44 ſmaller Diviſions of the Braſs Ru- 
ler *; which Diviſions are ſcarce equal to the fifteenth Part of an * n. 
Inch; and the Difference of this Angle, with the ſmalleſt Angle 
of the three, was leſs than one ſuch Diviſion. It once happened 
to be a ſmaller Difference: but I obtain'd this with difficul- 
ty: but the greateſt Difficulty of all is, when the Spring is join'd 
to the lower End of the Pendulum; in which Caſe a very ſmall 
thing diſturbs the Effect ſenſibly. But it is never neceſſary to chute 
this Situation of the Spring; the Propoſition is abundantly confirm- 
cd by this Experiment of mine &. * 745. 
Let us now ſee what belongs immediately to the comparing of 747. 
Forces. 
It is plain, that all Particles of Matter, mov'd in the ſame man- 
ner, are mov d by equal Forces, therefore zf #209 Bodtes are carried 748. 
with equal Velocities, the Forces are, as the Number of Particles in 
each, that is, as the Quantities of Matter, or as the Maſſes ; for by 
this Name we expreſs the Quantity of Matter in a Body. 
If the Maſſes agree, the Forces are, as the Actions, by which 
different Velocities are communicated to them &. „0h 
hut a determin'd Velocity is not ſuddenly communicated to a 7449. 
Body which acquires Motion *; it ſucceſſively paſſes thro' all the * 716. 
leſs Degrees of it, whilſt there is a continued Action on it. Let us 
ſuppoſe this to be a Preſſure, whoſe Intenſity remains, whilſt its 
Action continues in ſuch manner, that the immediate Action upon 
the Body is continually the fame ; which can't be obtain'd, unleſs 
the preſſing Point be continually carry'd with the ſame Velocity 
with the Body *; but in this Caſe, equal Degrees of Velocity are. FL 
communicated to the Body, in equal Times ; and the Velocity is + 7»; 
s the Time in which the Preſſure acted upon the Body: we ſup- ? 
pole the Body not to be retain'd, and that the Preſſure produces no 
other Effect. 


Let us ſuppoſe the Line AB to repreſent the Time, in which 750. 
tne Preffure acted; BC the Velocity communicated in the Time PE TAE? 
AB; DE, parallel to BC, will repreſent the Velocity impreſs'd 2 
on the Body in the Time A 
If we conceive AB divided into innumerable equal Parts, in- 
uitcty ſmall ; in each of theſe, by reaſon of the equal Times, and 
the equal Intenſities, the Actions will be as the Velocities *. * -2 

Therefore the Reſiſtances of the Body are in the ſame Ratio . t 3*1. 
* hence we deduce this general Concluſion, That a Body, which 
Vor. I Aa acquires 


RY 


„ 
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acquires a determinate Degree of V. elecity, infinitely fmall, refifts Ae. 
celeration in the Ratio of the Velocity, which it has, 

Whence it follows that he Action, whereby the Vellcity of « 
Body, which is already mov'd with a finite Velecity, is increas} }, 
a Degree infinitely ſmall, infinitely exceeds that Action, whereby an 
equal Degree inſiniteſy ſmall can be communicated to a Body at reſt, 

The Action in a Moment, which anſwers to the Inſtant of 
Time D, is repreſented by the Line DE; and all Lines repreſent 
ſimilar Actions in the Moments, anſwering to them; and all toge- 
ther repreſent the whole Action. The Ratio of theſe Lines is not 
chang'd, if we allow the ſame Breadth to each * and indeed that 
which is equal to a ſmall Line, whereby one of the infinitely ſmall 
Moments mention'd is repreſented ; but in this Caſe all the Lines to- 
gether make the Surface ABC; which therefore follows the Ratio 
of the whole Action, and therefore of the Force communicated *. 
Therefore the Velocities being put as DE, BC, in the fame Bodo. 
the Forces are as the Surfaces ADE, ABC; that is, in a duplicate 
Ratio, or os the Squares of the Velocities &. 

The Caſe, which we have examin'd, is like that of falling 
Podies, and of which we have demonſtrated, by a manner of rea- 
ſoning like this, that the Spaces paſs'd thro' in the Fall, meaſur'd 
from the Beginning of the Fall, are to one another, as the Squares 
ot the Velocities acquir'd by falling“; whence we deduce, that 
the Forer, acquir'd by falling, is as the Height, from which the 
Body fell *; and hence it follows, that e Gravity, which, in equal 
Times, commuizcates equal Degrees of Celerity to the Body g, di, 
at Cmmunicate equal Degrees of Force to it *, but that T hat, 
whereby the Fody tends towards the Earth, is mov'd with the 
Body +; whilit it acts upon the Body in motion, as it would if it 
were at reſt *. 

It will appear from other Demonſtrations allo, deduc'd from 
Principles, which have nothing common to one another, nor t» 
thele Things from which we J now reaſon'd, that the Forces 
are to one another in the ſaid duplicate Ratio of the Velocitics, 
when I ſhall treat of compound Motion, and the Reſiſtance Ci 
Fluids. | 

The innate Forces of Bodies in motion, cannot differ except in 
reſpect of the Quantity of Matter in the Body, or the Velocity 
with which it is carry'd; whence I deduce an univerſal Rule 19! 
comparing Forces; for they are in a Natio comfeurnded of le. 

Melos *, ond the Squares of the Veloctties . 
Majjos *, ond the Squares of te Felectties f. W 


E 
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Wherefore the Ferces are equal; if the Squares of the Velecities 588. 
are inverſly as the Maſſes. | | 
guch alſo are the Velocities, which by equal Actions, (ſuch are 


| 759. 
the Relaxations of equal, ſimilar, and equally bent Springs, when 
the Incrtia of the Springs does not differ from the Inertia of the 
Bodies * ), are communicated to unequal Bodies. » -31, 


A Macuninr, 


hereby many Experiments, of innate Forces, and the Cilliſion of 
Bodies, are made, 
This Machine, which is made of Wood, conſiſts of a vertical Board 560. 


CB, about three Foot long, and about nine Inches broad, or high. FHteX XVII. 


This is ſupported by two Pillars D, D, which are faſten'd by a pie 75. 
Croſs- piece put between. To this Board there is join'd a ſmaller Fig 3. 
horizontal Board A, whoſe anterior Part is ſuſtain'd by the Board 
itſelf C B, and its hinder Part by the Pillar E, whoſe Diameter is 
almoſt three Inches and an half, and whoſe Situation is eaſily 
known, by comparing the Figures. Upon this there is put another 
Pillar M, and indeed in ſuch manner, that both exactly aniwer to 
each other, and one is as it were the Continuation of the other. 
The lower Part N of the Pillar M is divided into two Parts, which 
go thro' the Holes x, x, of the horizontal Board A, that they may 
join themſelves to the upper Part b of the Pillar E, in which Si— 
tuation it 1s faſten'd by the Wedge d, going thro' the Holes y. 
When the Pillar M is thus diſpoſed, the lower Side of the Board 
PP, made of thinner Wood, join'd to this Pillar, is applied to the 
Board A; that the Situation of the Pillar may be-determin'd more 
accurately. | 

The three Pillars E, D, D, ſtand upon the horizontal Foot 761. 
GGH. The whole Machine is ſupported by the three Rollers 
, I. I *, that it may be eaſily mov'd; but when we are to uſe it, 567. 
tis rais'd a little by the Screws 7, 7, ,, and with great Exactneſs 
put into a vertical Situation; the Plumb Line Q, applied to the 
anterior Part of the Pillar M, ſhewing this Situation. 

\e repreſent by itſelf the upper Part of the Pillar M, leſs di- Plate XXY 
minitli d than in the other Figures. 4.4 
This Part is ſquare, and the Bracket O is join'd to it, that the 702: 
Iron Ruler S TT may be ſuſtain'd, whoſe End T T' reſembles a 
Aa 2 Crols. 


— — — —— 


PE — ck... 8 


180 


763. 


Plate 
XXVIII. 
Fig. 2. 


Plate 


Fig. 3. 


764. 


XXVIII. 


Mathematical Elements Book 11 


Croſs. The Ruler is faſten'd by the Iron Screws f, f Which 
into the Wood, in which their outward Parts being alſo Iron art 
faſten d. The Copper Plates e, e, are perforated ; but the Cir. 
cumference of each Hole, in the upper Part, has an Inciſion, that 
a Thread may conveniently be put into it. 

Upon the upper ſquare Part of the Pillar M, there is put a Piece 
of Wood m, to whoſe anterior Surface the Copper Ruler A A j« 
applied (Plate XX VIII. Fig. 2.) to. which are join'd the Screws I. 
L; theſe go through Holes in the Piece of Wood M, one of which 
is ſeen at x: the Ruler is faſten d by help of the outward Screw. 
mn, in, the Copper Plates 1, u, being put between, that the Wood 
mayn't be damag'd. This Ruler is mark'd with the Letters à 4 in 
Fig. 1. Plate XXVII. | 

To the Extremities of this Ruler are applied the two Cylinders 
V, Y; to which another Copper Ruler B B is join'd, which is 
faſlen'd by the Screws SS, going through the Holes d, d, into the 
Holes c, c. 

Along this Ruler are mov'd the ſmall ſquare Tubes G, G, G. 
F, F, F, one of which is repreſented by itſelf at O; to the lower 
Part of each of theſe there is join'd an Hook; and the Tubes may 


be faſten'd at pleaſure by a Screw. The upper Plates of the Tubes 


are greateſt ; when they are brought together, the Diſtance of the 
Hooks is an Inch and an half. 
But that they may on either ſide be equally remov'd from the 
middie of: the Ruler BB, in the middle, there is applied to the 
lower Surface of the Ruler, at v, the Copper Plate P, reſembling 
a Croſs, which is faſten'd by the Screw. When the ſhorter 
Arms of it are applied to the Ruler, the upper Plates of the middic 
Tubes, in the middle of the Ruler, meet exactly in the upper 
Part. But when the longer Arms of the Croſs P, are applied to 
the Ruler, the middle Hooks are ſeparated, as much as is requit“ 
in many Experiments, as we ſhall afterwards ſee. | 
There is another Copper Ruler CC, like the Ruler AA, * 
which another alſo DD is join'd, with its Tubes and Hooks ; but 
it will eaſily appear what Difference there is between thele Ruler 
and the foregoing, by comparing Fig. 2. with this, in which « 
Tube is repreſented by itſelf at R. | 5 
The Ruler CC is join'd to the Iron deſcrib'd above “, and ir 
decd to the lower Surface of the Part T T, as we fee it in TE 
Plate 27. | 
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The Ruler itſelf is cc, faſten'd by the Screws e e.. This Ruler, Plate xx VII. 
and that join'd to it d d, are parallel to as, and 6, deſcrib'd “s 
bove *, and all are parallel to the Plane CB; the Hooks of the - 75; 
vuler 5% anſwer to the Hooks of dd; that is, in both Rulers they 
are diſpoſed in the ſame manner. 
All the Hooks are in the ſame horizontal Plane, and a Line, 
which would paſs thro” two correſponding Hooks, would be per- 
pendicular to the Surface BC, if this be conceiv'd to be con- 


tinued. 
The Bodies s and 7, with which the Experiments are made, con- 09 


iſt of Copper Rectangles, one of which is repreſented at A B. Plate XXIV. 


This is ſuſpended by Threads, put into the Inciſions c, c, d, d. Fi + 
The Diſtance between c, c, or d, d, is three Inches, that it may 
anſwer to the Diſtance between the firft and third Hook, when 

three are join'd * ; but the manner of its Suſpenſion is manifeſt . .,, 
enough, by comparing Fig. 1. Plate XXVII. and Fig. 3. Plate 
XXV. with one another. The external Threads are ſuſtain'd by 

the Hooks7, z, h, h, and paſs through the Holes e, e, (Plate XXV. Plate XXV. 
Fig. 4.) that they may be brought to the little Pegs, or Wedges ** 
1, 4; other Threads deſcend directly from their Hooks to the little 

Pegs n, m; by turning of the little Wedges the Rectangles are 
brought to the Situation defir'd ; which that it may be done more 
conveniently, as there are many Threads, they are all of different 
Colours. The Threads are requir'd to be ſmall and ſtrong enough, 

that they may be able to bear the Weights to be applied to them, 
therefore I make uſe of filken ones; and prefer thoſe which are 
wove to thoſe which are twiſted. 

In the middle of the anterior Surface of the Rectangle A B, there 770. 
is a Cavity e, having a Screw, and to which the truncated Cone / Plate 
anſwers, that it may be the deeper; of which Cone we ſhall pre- * 
ſently ſee another Uſe alſo. 

To the ſame anterior Surface of the Rectangle various Bodies are 571. 


Ig. 4: 


applied, of which I ſhall ſpeak ſeparately, when they ſhall come to Fig. 7. 9 10. 


be uſed in the Experiments : each of theſe Bodies is equally pro- 
minent ; they weigh equally alſo ; that the Weight of the Rectan- 
gle may be always determinate, and the fame. 

There are two ſuch Rectangles, which differ in this only; that +72, 
which is here repreſented, beſides the Cavity e, which we have 
mention'd, has two ſmall Holes z, 7, in its anterior Surface, 
into which Screws are put, as we ſhall afterwards ſee. 


The 


775. 
Plate XXVII. 
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. 77. 
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XXVIII. 
Fig. 1. 4. 


into a ſmall Hole, as x, into its oppoſite End: if the W eight is 
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The ſecond Rectangle, like the firſt, equal to it, and of the (rs, 
Weight, has alſo two ſmall Holes in its anterior Surface, not abe. 
and below e, as z, 7, but at the Sides of this Cavity e. 

The Weight of the Rectangle, with the Body join'd toit. 
doubled, tripled, or quadrupled, by the Copper Cylinder T, T. 5 
T being join'd to it; in this Caſe the Cone f is put into the Cant: 
v, which it fits; and the Cylinder is faſten'd by the Screw J, got 


above 


ity 
113 
be increas'd more; for Example, fix, eight, nine, or ſixteen ties 
ſolid Pieces of Lead V, V, V, or X, are applied, which arc fiſter's 
in the ſame manner. 

In the Motion of the Rectangle its Velocity is determin'd by th. 
Diviſions of the Ruler X V, or XZ, as has been explain'd in 
another Machine *; but theſe Things are to be obſerv'd ; that the 
Slits, thro' which the Screws join'd to the Rulers go, mult be 
longer, at leaſt, nine or ten Inches. We do not want the Squarc 


there made uſe of; becauſe the correſponding Threads, the anterior 


or poſterior, are in the fame Plane perpendicular to the Surface Ch. 
(we call thoſe anterior, which are lets diſtant from the middle d 
this Surface) and by directing the Sight along both Threads, we 
diſcover the Point to which theſe anſwer in the Ruler itſelt, 

The Indices, by which we determine the Heights, from which 


Bodies are let down in the Experiments; or ſhew thoſe, to which 


they aſcend, are applied to the copper Ruler R R, plac'd on the 
Table A longwiſe, and which is but a little diſtant from the antc- 
rior Extremity of this Table. 

The ſeparate Figure of the Indices ſufficiently ſhews, how the) 
are mov'd along the Ruler; there are four Inciſions in e, e, Cc. 
that the Box ab, which receives the Ruler, may be ſtraiten d at it: 
Extremities, whereby the Index, by reaſon of the Elaſticity of thc 
Copper, is faſten'd ; yet fo, that its Motion along the Ruler is no! 
hinder'd. 6 

Two larger Indices are requir'd, which are repreſented at O and 
A theſe differ only in their Conjunction with the Boxes 4% be 
ſides theſe two, three ſmaller, as P, are requir'd. Upon the greate! 


are mov'd the Curſors c, c, which are faſten'd at pleaſure by he 
Screws d, d &. 


EXPERIMENT 2. 


To the copper Rectangle A B *, the Spring O O is join'd i. by 


Screws like thoſe, which are repreſented at gg, ( Plate ts 
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Fig. 1.) theſe go thro' the Holes v, v, into the Holes 7, 7, which 
contain a Spiral, that they may receive the Screw. | 

It is neceſſary, that the Rectangle ſhould have its determinate 
Weight * ; if any thing 1s wanting, this is made up, by putting a thin 77: 
copper Plate between, which is alſo perforated, that the ſaid Screws 
may go thro' it. : 1 

The Rectangle is now ſuſpended, inſtead of that which is repre- ptateXXV11. 
ented at 5; but as in this Caſe ſomething peculiar is to be obſerv'd Fig. 1. 
in the Diſpoſition of the anterior Threads, we repreſent this ſepa- 
ratcly at g. f ; 

To the Board B C we apply the iron Plate, of which above * « -,- 
it is foſten'd by Screws +, which go thro' the Holes n, n: the + -4- 
Plc, which has Catches, is turn'd towards the Spring; and the 
Rectangle, to which this is join'd, is to be difpos'd in ſuch manner, 
by turaing the little Wedges, u, m, u, u, as to be horizontal, and 
to have its longer Sides parallel to the Surface BC; and to be at 
that Diſtance from this Surface, and at ſuch an Height, that the 
little Tongue of the Spring may anſwer to- the Hole in the middle 
of the Plate Which has the Catches. 

The Plate is remov'd a little, that the Body may be ſuſpended 
freely; and, wien it Is at reſt, the Sight is directed along the hinder 
Threads, and the Ruler VZ is mov'd, till its End V anſwers to 
the Threads. Then the Plate being brought to a, the Tongue of 
the Spring is put into its Hole, by which the Spring 1s bent, and 
join'd to the Plate *, which is ſo difpos'd, and faſten'd, that the z. 
Threads may again anſwer to the End of the Ruler. 

In this Situation I now repreſent it; / is the Plate with Catches, : 
witch being join'd to the greater Plate 8, is faſten'd to it by the Plate XXIX. 
Screws , b*, By preſſing the Tail v of the Hammer m, it is de- = 
preis'd, and the Spring is relax'd +, which is driven forwards to- + 741. 

ther with the ReQangle join'd to it. The Velocity communi- 
ated is diſcover'd by making Trials; the greater Index “ is diſ- 777. 
98'd at that Diſtance which we have judg'd the Threads will be 
Ito at firſt; by a ſecond Trial the Situation is corrected, till 
We at laft come to this, that the Thread may come to the Index, 
without running againſt it; we had the Velocity 16,8. the laſt 
«umber expreites the ſmaller Diviſions *. * 737-775: 
"ul 1 unge remaining, the Cylinder T is put into the Rectangle, 80. 
that the Weight of the Body mov'd may be quadruple “: other lde XXIX. 
langs are perform'd 2s in the fore ing Trials, and the Velocity 575 
icover'd, Wiueh is half of the former, namely ©, 1 5 
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781. The Cylinder T being taken away, the leaden Weight v mud 
Plate XXIX. be applied, whereby the Mais becomes nine times the former? 
7 6 and the Velocity is diſcover'd to be 5,6. Which is a third Part of 

I the firſt. 


If the Maſs applied be ſixteen times the firſt, the Velocity i | 
equal to 4, 2. 1 

78 In all theſe Caſes the Action, which communicates Motion 
is the Relaxation of the ſame Spring, bent in the ſame manner 
and therefore the Action is the fame ; and the Squares of the Ve. 
locities are inverſly as the Maſſes ; that is, the Product of the 
Maſs by the Square of the Velocity is always the ſame. 

783. Some Philoſophers are of Opinion, that the Action of a Spring 
is not the ſame, if the Times, in which it is relax'd, are ng 

* 731. equal; I have demonſtrated that the Thing is not fo *; and con- 
+ 745. firm'd this Demonſtration by an Experiment 4+, But I ſhall now 
conſider the Thing in another manner. 

I ſhall move different Bodies by the fame Spring, bent after the 
ſame manner, and relax'd in equal Times, and we ſhall fee thut 
the Effect will agree with the Propoſition N. 758. and that the 
Product of the Maſs by the Square of the Velocity is every Tim: 
the ſame. 

784. It will appear, that a Spring, bent in the fame manner, is re- 
lax'd in equal Times, if it communicates the ſame Velocity, every 
time, to the Point, to which it is applied. For the Part of the 
Spring which is relax'd, is mov'd with the ſame Velocity with the 
Point to which it is applied ; as we now ſuppoſe the Velocity of 
this Point, and therefore the Velocity of the Spring itſelf, at th: 
End of the Relaxation, to be the ſame every time, it will be the 
ſame alſo in the ſame Degrees of Expanſton : for the Relaxation » 
made in all Caſes according to the ſame Laws; ſo that, in «qual 
Moments, the ſame ſmall Spaces are paſs'd thro', and the whole 
Relaxation every time, is made in the fame Time. 


EXPERIMENT z. 


85. This is demonſtrated by the ſame Machine, as the firſt Expert 
Plate XXXI. ment in this Chapter *. The Weight T is applied to the Pendu— 


& BY lum +, which is equal to half a Pound *; it may be applicd at 
4735. any Diſtance from the Center of Suſpenſion ; let this be 30 Inches, 
"746 meaſur'd from the middle Point of the Weight : the Curtor with 
7 the Spring is faſten'd at R; another Curſor A, with two Solids “, 


is join'd to the lower End of the Pendulum. The Spring is hen: 


and 
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Chap. 2. of Natural Philoſophy 


and then relax'd, and the Angle is meafur'd as was faid in the 
firſt Experiment * ; I had an Angle of 40, 5 Parts, 
The Weight T being taken away, we applied the Weight P +, 


at the Diſtance of fifteen Inches ſrom the Center of Suſpenſion ; Plate xXXI. 
and the reſt being manag'd as in the foregoing Caſe, we had ie Tis 4 
744. 


Angle 37,8. ; 
When the Diſtances of the Weights T and P are different, but 


in the ſame Ratio of 2 to 1, the Angles are different, and in a dit. 
ferent Ratio from that now diſcover'd ; but the ſame Concluſion 
muſt be deduc'd frem the Experiment *, becauſe the angular Ve- 
locities are always equal to one another. We ſhalb demonſtrate by 
Computation, and Experiment, that they were ſuch in the preſent 
Experiment; we ſhall give the Computation in the Scholia, the 


Experiment here. . 


EXPERIMENT 4. 


To the Pendulum we join the Weight T, the Curſors R, and A, 
as in the firſt Caſe of the foregoing Experiment. Inſtead of the 
Solid join'd to R, we make uſe of another F (Plate XX VIII. Fig. 
7.) ; and both the Solids join'd to A are remov'd. 

Between the Plates, between which the Ruler O Q is ſuſpend- 
ed *, another ſmall Plate is horizontally diſpos'd, in which there 
is a narrow Hole; thro' which the Thread is put, which ſuſtains 
the Ball G, by which the fimple Pendulum is made. "The Weight 
of this Ball is equal to the Weight of the two Solids remov'd from 
the Curſor, that the Ball, join'd to the Curſor A, may weigh as 
much as this Curſor with its Solids, which was uſed in the fore- 
going Experiment. Moreover, the Length of the fimple Pendulum 
is ſuch, that the Center of the Ball may anſwer to the middle 
Point of the Curſor A; and the Ball is ſuſpended in ſuch manner, 
that being join'd to the Curſor A, the Thread may be parallel to the 
Ruler OO. 

This Pendulum O Q is rais'd, the Ball G is join'd to it, and it is 
let go from the Height of 40, 5 Diviſions: the Center of Oſcilla- 
tion of the Pendulum A O is between A and O; therefore it would 


gdeſcend in a ſhorter time than the imple Pendulum G *, and it 415. 


drives forward Go in its Motion; ſo that the ſame Quantity of 
Matter, deſcends in the fame manner, as would be mov'd in a like 
| Deſcent of the Pendulum O Q (Fig. 1.) : for this reaton, when 4 

and g have got to the loweſt Point, they have the Velocity, which, 


in the firſt Caſe of Experiment third *, was communicated to the 25. 


Yor. B b Curior 
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Curſor A. But g has now a greater Velocity, than if it had only 
deſcended from the Height 40,5; for it has been accelerated 
therefore it will aſcend to a greater Height ; upon this account ir 
is ſeparated from a, and aſcends to g to the Height of 46 Diviſions, 
But that we may meaſure this Angle, the Ruler Y Z (Plate XXV. 
Fig. 2.) is diſpos'd in ſuch manner, that its End Y anſwers to the 
Thread of the ſimple Pendulum when it is at reſt. 

Therefore we ſee that the Velocity communicated to the Curſor 
A, in the firſt Caſe of Experiment, third is that, by which the Body 
G, of the Pendulum o G, can aſcend to the Height 46. 

After the ſame manner, we examine the ſecond Caſe of the ſame 
third Experiment“; we let go the Pendulum OQ with the Ball 
G, from the Height 37,8, and it aſcends to the. Height 46, as in 
the foregoing Caſe. 

Therefore the Spring was relax'd in the ſame Time in both 


Caſes, whilſt it communicated the ſame Velocity. to the Pendu- 


lum * : the Angles in Experiment third were unequal, becauſe the 
Pendulum was not retarded in the ſame manner in both Caſes ; but 
the Retardation does not relate to the Action of the Spring, that 
happens after the Spring is ſeparated from the Plate fix'd. 

Therefore the Velocity, impreſs d upon the Pody T in the fiſt 
Caſe, is to the Velocity, which was communicated to the Body P 
in the ſecond Caſe, as 2 to 1; for fo the Diſtances from the Cen- 
ter of Motion were; which alſo, if every Body be ſuppos'd divi- 
ded along-wiſe into an equal Number of Parts, may be referr'd to 
the correſponding Parts; becauſe the Heights of the Bodies are in 
the ſame Ratio of 2 to 1: but the Maſles are as 1 to 4; that is, 
inverſly as the Squares of the Velocities. 

But it immediately appears, to one who conſiders the Thing, 


that theſe Velocities were communicated by equal Actions. The 


Spring, in cach Caſe, produc'd two Effects. 1. It communicated 
Motion to the Ruler and Curſors. 2. Motion to the Body, The 
Ruler, with the Curſors was, every time, projected with the ſame 
Velocity; therefore the Parts of the Actions of the Spring, by 
which this was effected, were equal, and fince the whole Action 
of the Spring in both Caſes were entirely ſimilar, and equal; the 
Bodics themſelves T, and P, vere alſo mov'd by equal Parts of the 

Aélions. 8 
Prom this Propoſition that the Forces are equal, when the 
Squares of the Velocities are in an inverſe Ratio of the Maſſcs“, 
which we have confirm'd by theſe Experiments, we caſily _— 
at 


* of tar Hiig fo hy, 
Chap. 2. of Nat "al Pi fophy, 
That the Forces acquir'd by falling are allo equal, if the NU ee 
inverſly as the Maſſes , ; : 955 : | 
If two Bodies are mov'd with Velocities, which are inverſ/ly as the 
Maſſes, the Forces will be in the fame inverſe Ratio of the Maſſes, 
that is, at the Velbcities. For, in this Caſe, the Product of the Ve- 
locity by the Maſs is the ſame for each Body * Let the Bodies be 
A and B; if this Product be multiplied by the Velocity of the 


n 


Body A, the Force of this Body will be given“; the Force of the * 75. 


Body B is had, by multiplying the fame Product by the Velocity of 
B; therefore the Forces are as theſe very Velocities *., 


SCHOOL. 
Of the Forces of Pendulums, 


HAT I have faid in this Chapter of the Actions of Springs, I 


W ſnall not illuſtrate any further; becauſe all, that might be added, 
concerning the unequal Bendings of the ſame Spring, and of comparing, 


and determining the Times of the Relaxations in different Circumſtances, 


belongs to the laſt Chapter of this Book. In this Scholium I ſhall illuſtrate 
what relates to the Forces of Pendulums, when they are mov'd, whether 
they are ſimple, or compound; but we conſider the Force only in the low- 
eſt Place, that is, where the Velocity is greater, than in the other Points 
of the ſame Vibration. We alſo ſuppoſe that we have to do with ſmall 
Vibrations. 

The Force of a Body is as its Maſs, which is as the Weight *, and as 
the Square of the Velocity . Thence it follows, that ihe Force of a ſimple 
Pendulum follows the Ratio of the Weight, of the Length, of the Square of 
the Angle, and the Gravity which acts upon the Body“. But as we treat 
of the Motion of Pendulums in the fame Place, we neglect the laſt 
Ratio. 

It we conſider the compound Pendulum, the Difficulty is greater, and 
that this ſame Rule may be applied to ſuch a Pendulum; inſtead of the 
Weight the Sum of the Weights is to be uſed, and inſtead of the Length 
the Diſtance between the Point of Suſpenſion and Center of Gravity muſt 
be taken; but we don't attend to the Center of Oſcillation, which deter- 
mines the Length of the Pendulum in other Caſes * ; for the Center of Gra- 
vity and the Center of Oſcillation coincide in the ſimple Pendulum: where- 
tore we mult otherwiſe determine, what is to be uſed in the compound Pen- 
dulum. But ſome T hings muſt be premis'd, before the Demonſtration of 
this Prupofition can be made appear. | 

t us ſuppoſe, in the compound Pendulum, every Particle of Matter to 
be multplied by the Square of its Diſtance from the Center of Suſpenſion ; 
we call the Sum of all the Products P d d. 
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We ſuppoſe alſo every Particle of Matter to be multiplied by its Diſ. 
tance from the ſame Center: the Sum of the Products is equal to the Pro- 
duct of the Sum of all the Weights by the Diſtance of their Center of Gra. 
vity from the Center of Suſpenſion *. We call this Product Cc, We 


call the Sum of the Weights C, and the Diſtance of their Center of Gra- 


vity c. 

We call the Diſtance of the Center of Oſcillation from the Center of Sur. 
penhon o. 

The Angle of the Pendulum * is call'd 9. 

The Velocity of the Pendulum +, which in the compound Pendulum is 
the Velocity of the Center of Oſcillation, is call'd v. 

The angular Velocity is 6, 

The whole Force of the whole Pendulum; that is, the Sum of the Forces 
of all the Parts of the Pendulum, when it has the greateſt Velocity in a 
Vibration, ſhall be call'd e. 

We have now the following Equations, 

P d d 


Ce 
a 
vV 0 

aao=vv*, therefore o b = v+. 

That we may determine the Force of the Pendulum, we muſt multiply 
every Particle of Matter by the Square of its Velocity, and the Sum of the 
Products will expreſs the Force“. The Velocity of every Point follows 
the Ratio of its Diſtance from the Center of Suſpenſion, and the Ratio of 
the angular Velocity *; therefore each of the Points muſt be multiplied 
by the Square of its Diſtance, and the Sum muſt be multiplied by the 
Square of the angular Velocity; and this Product will expreſs the Force 
itlelf. | 

Therefore Pd dx bbþ= e *®, Wherce, inſiead of 55 putting 5 T5 


0 *. 


=; or aa S Ob. 


and then the Value inſtead of *, we deduce theſe other Equations Cc x95 


S ez; and as = , the firſt of which agrees with thofe mentioned 


* 


above *. 
From this Fquation we alſo deduce, That the Force of a Pendulum fel. 
lows the Preportion of the Product of the Sum of t'e Weights by the Height, 


from which their common Center of Gravity deſcends, or to which it aſcends; 


{or this Height is as the Diſtance of this Center from the Point of Sulpen- 
fion, this fame Height is alſo as the Square of the Angle; for, ceteris ps. 
ribus, the Velocity of the Point is as the Angle *, and the Square ot the 


2 SCHOLIUM 


2 


Chap. 2. of Natural Philoſophy. 189 


CHOU. 


Computations of the Motions of the compound Pendulum, uſed in the 
1. 3. and 4. Experiments of this Chapter. 


HEN we are to make Computations of theſe Motions, the 
| Weights and Meaſures of the Parts ought to be explor'd in the 
frit Place; afterwards ſome Things in general are to be determin'd by 
Computation, We expreſs the Weights by Ounces ; Inches give the Mea- 
ſure of the Lengths; and the ſmaller Diviſions of the Braſs Rulers ſhew the 
Magnitudes of the Angles *. * 776, 

The Weight of the Iron Ruler O Q (Plate XXV. Fig. 2.) ＋ is 55,5 $02; 
its Length 36,14 3 Length below the Axis 35,92 and the Weight of this + 735. 
Part 33, 16. 

The Weight of the Curſor (Plate XXVI. Fig. 1.) *, without the So- 738. 
lids is 3; with them 7,5. The Height of the Curſor is 1,5. | 
The Weight of the Spring, OO (Plate XXVIII. Fig. 1.) is 1,25. + 739 

Its Height 4. 
The Weight of T (Plate XXVI. Fig. 5.) is equal to 8; and P 
weighs 32 Ounces T. The Height of the firſt is 3; and of the ſecond + 744. 


I, 5» 


801. 


in many Computations, al! the heavy Points muſt be multiplied by the 802. 
$quares of their Diſtances from the Center of Motion. I ſhall determine the 
Sum of all the Products, for the Iron Ruler O (Plate XXV. Fig. 2.); 
becauſe this Sum will afterwards come to be of ule. We do not attend to 
the Part above the Axis, but only conſider the Length 35,92.* ; the Er- * 802. 
ror ariſing thence is entirely inſ{cnſible, 

If this Length be calPd 2, the Sum which we ſeek will be 4/3 F ;, but / + 480. 
is once uſed for the Weight of the Ruler; therefore the Number ſought is 
equal to a third Part of the Weight, multiplied by the Square of the Length; 
that ie, it :5 equal to 23740. 

If the Bodics, which are applied to this Pendulum, ſhould not take up 804. 
a ſenſible Space along its Length, the Square of the Diſtance from the 
Font of Suſpenſion, would be to be multiply'd by the whole Weight of 
the Body applied; but as we make uſe of tuch Bodies, whoſe Height does 
not ſcem fit to be neglected, we muſt now examine, what follows from 
this Height ; for all the Parts are not equally diſtant from the Center of 
Motion, It we make a Computation, we diſcover that 4% the Produtt, 803. 
of the Square of the Diſtance of the Center of Gravity of the Body by its Weight, 
a Supplement myſt be added; which is the ſame, whatſoever that Diſtance 
1 but is ſmall for all the Bodies, which we have made uſe of in the Ex- 
Periments. 
let ! be the Diſtance of the Center of Gravity of the Body from the 
Point of Suſpenfion ; the Height of the Body 2 4; we ſuppoſe the Body 
1 
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added / 4. I require the Sum ct the Products for each of theſe Bodies 
and the leſs being ſubſtracted fiom the greater, there remains the Sun 
that rclates to the Body 151 9) ' 
F4/*-+-8a aal +4 a®, 
The Sums are 7 TH alto 1 wh 
The Difference is ＋ 2411 + 47. 
In this Computation 2 a expreſſes the Weight of the Body applied 
therefore 2 @1 1 is the Product of the Weight by the Square of the Diſtance 
to which, whatſoever the Diſtance / be, we ſhould always add the Supple- 


ment + a, which is equal to the Product of the third Part of the Weight, of 


the Body applied, by the Square of half its Height. 
Bur theſe Supplements, if determin'd for the Bodies, which we uſe, 


are found to be ſo ſmall, in reſpect of the Number now diſcover'd *, thx 


they may be neglected without any ſenſible Error; for the greateſt doc, 
not exceed 6. 

In many Computations alſo there is requir'd the Product of the Weight if 
the Iron Ruler, often mention'd, by the Diſtance between the Centers if 81 
penſion and Gravity; therefore I will take notice of this Product alſo. 

The Center of Gravity of the Ruler is in its middle, and is diſtant from 
its End 18,07, The Diſtance of the upper Extreme from the Center of 
Suſpenſion is 0,22 ; therefore the Diſtance between theſe two Centers is 
17,85, which ſhould be multiplied by the Weight 55,5 *, the Product i 


991. 


We proceed now to peculiar Problems, 

We diſcover by one Experiment the Force, which a Spring, bent in : 
certain manner, whilſt it is relax'd, communicates to a Pendulum, This 
is equal to Ce xa a“. 

Let us put the firſt Caſe of the third Experiment of this Chapter +, 

Two Curſors are applied at the Diſtances 35 and 26 from the Point of 
Suſpenſion z the Weight of each is 7,5 *; the Prodicts of the Weights by 


the Diſtances are equal to 262, and 195. The Diſtance of the leaden 


Weight apphed is 30; and this weighs 8 + z the Product is 240, I collect 
theſe Products into one Sum, and add gg1 *®; and 1 have Ce; Who 
Value therefore is 1688. The Angle à in the Experiment is diſcover'd to 
be 40,5 Parts, The Square of the Angle 1s 1640, whoſe Product by 
1688 gives the Force e = Ccxaamz2703820, 

In this Meaſure we expreſs by Unity the Force, which the {imple Pen- 
dulum would acquire, if cach of theſe, the Weight, Length, and Angle, 
were denoted hy Urity, Then the Weight would be equal to one Cunce , 
the Length would be one Inch; and the Angle, in my Machine, woule 
avſwer to one ſmaller Diviſion of the divided Ruler *, and would be o D*. 
grees 7' 24. But the Force which ſuch a Pendulum wou'd acquire wou« 
be equal to that, which one Ounce acquires, by falling from the He's"! 
of 0,000©02 354 Inches: and ihe whois Force, which the Spring cum 


(att U 


Pook Il. 


to be continued unifornily, that it may extend itſelf to the Center of Sil. 
penſion; its whole Length will then be / A a; and the Length of the Boe 
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cates to the Pendulum, coincides with that, which Gravity impreſſes upon one 


hen it deſcends fix Inches and an half *. : * 7-4. 
1 e = the Computations of the other Angles, mention'd in the 


7xperiments of this Chapter. 
"Fon eee . the ſecond Caſe of the third Experiment * firſt, and de- 811. 


termine the Angle. | 786. 

The Numbers 262, 195, and 991, mention'd above +, come to be of 4 808 
uſe here alſo ; but we make uſe of another, inftead of that, which the 
Leaden Weight gave; becauſe this Weight was chang'd, and weighs in 
this Caſe 323 the Diſtance, by which it mult be multiplied, is 15; the 
Product 480, I add to the other three, and have Cc= 1928. By this 
Number I divide the Force, diſcover'd by the foregoing Computation, 
Ccxaa=2768;320®: and aa= 1436, whoſe ſquare Root 37,9 agrees * 808. 
as to Senſe with the Meaſure of the Angle, which we had in the Ex- 
periment. | : g 

After the ſame manner we proceed in the Computation of the firſt Ex- 812. 
periment * z we make uſe of three Curſors applied at the Diſtances from the * 745. 
Point of Suſpenſion 8,20, and 26. Each of theſe is multiplied by the 
Weight of the Curſor, and the Sum is 405. I add gg1*, and Cc ==» goy, 
1396; by this Number I divide the Force 2768320, and have the Square 
of the Angle 1983 z whoſe Root 44,5 ſomewhat excceds the Angle diſ- 
cover'd in the Experiment; but the Difference is ſmall. 

In Experiment fourth * we demonſtrated, that the angular Velocity was 813. 
the ſame in each Agitation of the Pendulum in the third Experiment; this * 787. 
ſame thing will now appear by Computation allo. 


From the Equations 


705. 
T 797- 


7 


0 
Velocity &, from the given Angle a: by putting the Value, for e, in the 


So and = þ + we deduce the angular » 


ſecond Equation, we have, Se- þb. But in the Caſes, which we l 


examine, the Product P 4d was the ſame; for the Parts of it, which relate | 
to the Iron Ruler, and Curſors, are not varied; the other Parts alſo, \ 
winch relate to the Leaden Weights, do not differ, 30 x 30 * 8=15 x 15 x 32 x i! 
1herefore % is as Cœ Xx 4A. In the firſt Caſe Cc= 1688, and aa =o, if 
5X 40, 5 2 1640 * ; the Product of which Numbers coincides with the gg 1 
Product of thoſe correſponding in the ſecond Caſe, Cc = 1928, and a 4 | 
= 1436*; as we ſaw in the foregoing Computations. Therefore the 81. ' 
| angular Velocities, which are in a ſubduplicate Ratio of theſe Products, + 807. 810 i 
are equal, | 

By Computation alſo we eaſily diſcover the Angle of the ſimple Pendu- 814. 
lum in Experiment fourth *, from the one, or other Angle, of Experi- 787 
ment third, being given; that is, from the given Height, trom which the 
compound Pendulum in Experiment fourth is let go; but the Center of 
Oſcillation of this Pendulum mult firſt be determin'd. 
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The Diſtance of this Center from the Point of Suſpenſion is P44 


1 


The Numerator of this Fraction conſiſts of four Parts. The firſt i re 
lation to the Iron Ruler, and is 23740 *. The ſecond is referr'd to 7 
lower Curſor, and is 35 * 35 x 7, 29187. The third relates to the Cur. | 
{or with the er and is 26 x 26 x 7,5 = 5070. Laſtly, the fourth I 
in the firſt Caſe 30x 30 x8, = 7200 ; in the ſecond Caſe 15 x 15 x 32, — 
7200; which Products are equal. 8 

I collect into one Sum 23740; 9187; 50703 and 7200; and I hays 
Pdd = 45197. 

In the firſt Caſe Cc = 1688 “; in the ſecond Caſe Cc = 1928 +, 

Therefore, in the firſt Cafe, the Diſtance of the Center of Ofcillatic: 
from the Center of Suſpenſion is 26,78. 

In the ſecond Cale 23,44. 

Now 26,78 is to the Length of the ſimple Pendulum 35, as 40,5x40,- 
is to the Square of the Angle ſought 2134 * ; whoſe ſquare Root ſcarce cx. 
ceeds 46. 

We have the ſame Angle 46, if we make a Computation for the ſecord 
Caſe z which is again a Confirmation that every Point of the Pendulum, in 


each Caſe, had the ſame Velocity. 


In what follows we ſhall have two Experiments, in which three Curſors 
will be to be applied to the Pendulum, and nothing beſides, as in the firſt 
Experiment of this Chapter *. But in the laſt of thoſe Experiments the 
middle Curſor will be to be diſpos'd in ſuch manner, that its middle Point 
may coincide with the Center of Oſcillation of the whole Pendulum. We 


require the Diſpoſition of the Curſors. 


This Problem 1s indeterminate ; but, among poſſible Caſes, we ſhould 
chuſe ſuch, as anſwer the Deſign of the Experiment; for this reaſon w: 
ſuppoſe, three Curſors being applied, that the Center of Oſcillation co- 
incides with this Center, when all the Curſors are remov'd; that is, that 
the Diſtance of the Center of Oſcillation from the Point of Suſpenſion, /a 
ſmall Fraction being neglected), is 24 Inches “. 

In this very Center we apply the middle Curſor, by which this Center 1s 
not alter*d ; and the two other Curſors being join'd, we conſider the Pen- 


dulum as form'd of two Pendulums join'd together, which have the fame 


Point of Suſpenſion ; the firſt of which would conſiſt of the Iron Ruler, 


and middle Curſor ; the ſecond of the two other Curſors, join'd by a right 


Line, that is inflexible, and without Weight. In the firſt Pendulum the 
Diſtance of the Center of Oſcillation 1s 24 ; therefore in the ſecond allo the 
Diſtance of this Center from the Point of Suſpenſion will be the ſame. | 
ſhall now examine the ſecond Pendulum only, and ſhew the Situation of 
the Curſors, that is, of the Weights. 


Let their Diſtances from the Point of Suſpenſion be x and y ; the firſt is 
pxxkpyy E 


px+py *T+) 


Therefore 


the greateſt; let the Weight of the Curſor be p = 5,5. 


„ 
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Therefore xX— 24 * = 24y—yy. We determine y at pleaſure, and 


diſcover x. 
Toes be = 8, and x will be 28,5. If y be = io, » will be = 28, 5. 


And thus further, y = 12, X=293z y=14, x = 28,7, &c.; but we may 
chuſe any one of theſe Diſpoſitions of the Curſors, * never exceeds 29 


and we chuſe this Situation. 


UAE. 
Of the Actions of Forces, and their Deſirudion. 


E have ſcen that the innate Force of a Body is conſum'd by g 17. 


acting; and that the Action follows the Proportion of the 


Force loſt*; whence it follows, that the Force may be mceaſur'd by « 509. 


its Effect +; for this is equal to the whole Reſiſtance, or contrary + 712. 
Action by which it is deſtroy'd “. Now by conſidering the Pret- * 361 
ſure, whoſe Intenſity remains, and by which the Force is deſtroy'd, 
it will appear alſo by a Demonſtration like that, which we propos'd 
about the Generation of Forces *, that the Forces of the {ame Body 
are as the Squares of the Velocities, as we have ſeen it +. But it is 
not neceſſary to determine the Meaſure of the Forces again; what 
we had in the firſt Chapter of this Book, we deduce. from thoſe 
things, which relate to the Meaſure of the Effects &. * 713. 


'4 


Wi Wh 
ws 


If Bodies by acting loſe their whole Forces, the Effects follow the 81 8. 


Ratio compounded of the Maſſes, aud the Squares of the Velocities Ex. 757. 


We muſt now illuſtrate this with Experiments ; but we ſhould 819. 


chuſe ſuch Effects, which may be brought to an accurate Meaſure. 

Such are the Bendings of the Parts of elaſtick Bodies; but we have 

not yet examin'd the Laws of ſuch Bendings, they are conſider'd in 

the laſt Chapter of this Book. One Caſe only can be of ule 
here; namely, when the Bendings are equal, and ſimilar. That 

we may have theſe, equal Forces are requir'd ; that is, the Bodies 
thould be mov'd with Velocities, whoſe Squares are inverſely as 
the Maſſes *; or, if the Bodies acquire their Velocities by falling, 5. 
they are to let down from Heights, which are in that inverſe Ratio 

of their Maſſes + | 3 


EXPERIMENT 1. 


Two Cylinders AB, D C, are made of Ivory, whoſe Diameters 820. 
are an Inch and an half; their Extremities A, D, are hemiſpheri- Pt * +" 


ney 
18 3 


cal; the others B, C, are conical. The ſmaller is almoſt two 
For. EF Cc Inches 
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Inches and an half long; the other is two Inches longer, and its 
Weight is exactly double that of the other. To theſe are faſten'd 
Threads at their conical Extremities. 

It is requir'd, that in the Extremities A and D of the Axis, that the 
Ivory may have the ſame Elaſticity; which is eafily obtain'd, if the 
Cylinders are made of the ſame Ivory, and we mult attend to that ; 
1/2, that the Points A and D coincide wich the Axis of the Vertex f 

All Scruple about this Equality of Elaſticity may be remov'd, it 
the two Cylinders be made equal, and like the Cylinder DC; le; 
theſe be let down from different, yet always equal Heights for both 
which, that it may be done, they are retain'd by Threads, as Ce, 


which being relax'd, the Parts of the Cylinders, as D, ſtrike upon 


an horizontal Surface of a heavy Piece of blue Marble, well faſten'd, 
the Surface muſt be made wet a little, that the Colour may be 
more intenſe. In the Strikings the elaſtick Parts are prefs'd in- 
wards, and the Cylinders impreſs upon the Marble, or rather the 
Moiſture with which it is cover'd, very plain Spots and circular, 
It the Spots of both Cylinders, when they deſcend from equal 
Heights, are equal in every Caſe, there will be no doubt left of the 
Cylinders having the fame Elaſticity, in the Places D. Theſe 
things being try d, one of the Cylinders muſt be diminiſh'd toward: 
C, that it may have the Magnitude A B; that is, loſe half of its 
Weight. 

Now if the Cylinder CD be let down from the Height of nine 
Inches, and AB from the Height of eighteen, the Spots on the 
Marble will be exactly equal. 

It AB be let down from an Height of three Feet; vis. an 
Height quadruple of the former, that the Velocity may be double, 
the Spot will be greater, and the Diameters will be as 5 to 6 
nearly. | 

We have the Effects of the Forces alſo, which are reduc'd to a 
Meaſure, it the Forces are conſum'd by preſſing the Parts of ſoit 
Bodies inwards. Clay is the moſt convenient of all to be uſcd; 
but we chooſe that, of which the moſt common, and meancr 
carthen Veſſels are made. This is requir'd to be pure, and is to 
be ſo temper'd with Water mixt with it, as to daub the Han! 
indeed, but not ſtick to it. Moreover, it is requir'd to be {mir 
to itſelf in every Part; which, that it may be obtain'd, the Parts 
are well work'd together. 

When a Maſs of ſuch Clay is bent, it gapes, and in ſome 
Places ſeparates; when it has this Property, the Parts, which 7 

3 pre d Ul 
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preſs'd inwards, whilſt they yield, penetrate into thoſe that are 
next to them. 


19 


If we make uſe of other Clay, which is whiter, and almoſt of 822. 


the nature of Chalk, it does not eaſily gape, and the Parts alſo, 
whilſt they yield, penetrate into thoſe next to them with difficulty; 
but they rather remove them ; which happens differently, accord- 
ing to the different Nature of the Clay. For this reaſon, I only 


make uſe of the Clay firſt mention'd *“; becauſe we can diſcover * 821. 


by reaſoning what ſhould happen to it; all the Effects are fubject 
to fix d Laws, and may be foreſeen, and Experiments confirm the 
Reaſonings about them. If we make uſe of other Clay, we have 
diffetent Effects, according as it more or leſs agrees with the Clay 
mention'd, I happen'd upon this Obſervation by chance only ; tor 
when I had many Years made uſe of the Clay, that I could moſt 
eaſily get, I always obſerv'd, that all the Experiments exactly an- 
{wer'd to one another, and agreed with the Rule, to which the 
Experiments themſelves had brought me. But a few Years fince, 
when I made uſe of another kind of Clay, and the Experiments 
did not anſwer one another as before, I examin'd the thing with 
Care; I eaſily perceiv'd, that in this laſt Caſe, a Cavity was form'd 
in part, not by the Introceſſion, but rather by the Receſs of the 
Parts, and that the Effect ought to be meaſured by fome other 
Rule unknown to me. 

For this reaſon J perceived that I muſt return to my firſt Clay, 
and that ſoft Bodies only were to be uſed, which have the Pro- 
perty ſhewn above *, for I ſpeak of theſe only in the following 
Reaſonings. | 

If the Breadth of a Cavity be great, in reſpect of its Depth, the 
Reaſonings don't take place in this Clay; becauſe in this Caſe, 
whatſoever the Nature of the Clay be, the Parts eaſily yield fide- 
Wile, and Part of the Cavity only, is to be attributed to their Intro- 
ceſſion. 

ben a Body, by making a Cavity in a ſoft Body, whoſe Parts 
are ſimilar, and cohere equally, and being compreſs'd yield in ſuch 
manner, as to pierce into thoſe next to them, as I have thewn 
above „ lofes Motion, it overcomes the Preſſure, whereby the 
Parts cohere together; and by the Reſiſtance, which the Body in 
motion ſuffers by overcoming this Preſſure, its Force is diminiſhed, 
and at length totally deſtroy'd : therefore the Effo& of the Force in 
this Caſe, whilſt the Body loſes its Motion, is the Separation of the 
Parts of a (oft Body, which are mntually moved amongtt one an- 
Fo other; 


* 
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other; which Effect follows the Proportion of the Number of Par. 


ticles moved, and the Space run thro" by them, in their Motion near 
one another ; and whether this be done flower, or faſter, the ſame 
Coheſion is to be overcome: whence we deduce, that the Force, 
are equal, which are conſumed in forming equal and ſimilar Cavities, in 


the ſame ſoft Body; whether theſe be made in a longer, or ſhorter Time, 


EXPERIMENT 2. 


In this Experiment we make uſe of the Machine, explained in 
the foregoing Chapter * : to this we join the Box, or rather wooden 
Solid AE, almoſt two Inches and an half thick; it is made hol- 
low in CD: this Cavity is above four Inches long, two Inches 
broad, and one Inch deep; two Slits EF, E F, go thro' the 
Wood. This Solid is faſten'd by two Screws, as G, going thro' 
the Board, to which it is applied, and the Slits. The Head H at 
the hinder Part of the Table retains the Screw, and the Extremity 
goes beyond the Slit, that it may be faſten'd by help of the out- 
ward Screw L, which, the Braſs Plate being put between, com- 
preſſes the anterior Surface of the Solid, to make it faſt. 

The Cavity of the Solid is fill'd with Clay, of which we ſpoke 
above *; we pare off the Clay which ſtands too high with a wooden 
Knite anointed with Oil, in order to make the Surface exactly 
flat. 

The Solid is applied to the Board B C, Screws going thro' the 
Holes f, f, and thro' the Slits of the Solid, as we ſaid. In this Si- 
tuation, the Line on, (Plate XXVIII. Fig. 8.) which touches the 
Board, is in a vertical Situation, and agrees with the middle of the 
Board. The Solid, by means of the Slits, may be rais'd and de- 
preſs'd, and faſten'd at any Height, within certain Limits, its ver- 
tical Situation being kept. 

The Rectangle is now remov'd, we make uſe of 7 only, which 
is ſuſpended, as we ſaw before *. 

To this we join + one of the Solids, of which before ||, and in- 
deed that which is repreſented at H, (Plate XXVIII. Fg. 7.) 
This is cylindrick, but terminated by a Cone, whoſe Section thro 
the Axis gives an Angle of 85 Degrees. When / is at reſt, in the 
Situation which it acquires of its own accord, the Vertex of this 
Cone exactly touches the Surface of the Clay, if in the Diſpoſition 
of the Hooks, by which the Threads join'd to v, are ſuſtain'd, we 
attend to what was deliver'd in Ne 766, | wi 

he 


. | | 
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The Rectangle 7 is drawn by the Thread, that it may be rais'd; 840. 
and when it is relax'd, it ſtrikes the Clay, and the Cone makes a 
Cavity. The Velocity, with which the Body ſtrikes the Clay, is 4 
determin'd by the Diviſions of the Ruler V X ® ; this Ruler muſt * 737. 775. 
be faſten'd in ſuch manner, that its End X, when the Body is at 
reſt, may agree with its exterior Threads * : The Rectangle only 775 
with the Cone, which Maſs we call one, ſtrikes the Clay with the ,, 237: 
Velocity twelve, and a Cavity 1s made, whoſe true Magnitude is © oof pry 
repreſented at A. 
The Situation of the Box is chang'd, which contains the Clay, 
that the Cavity may be impreſs'd in it, at the Diſtance of an Inch 
at leaſt from the firſt. 
The Maſs of the Body mov'd is chang'd in ſuch manner, as to be | XXXE 
equal to nine &; the Threads which ſuſtain the Body, now become 1 i 
longer; wherefore this muſt be rais'd +, that it may be exactly at f 769. 1 
the ſame Height at which it was in the firſt Trial. Then if this 
Body ſtrikes the Clay with the Velocity four, it will make a Cavity 
exactly equal to the former one A. 
The Velocities are in theſe two Caſes as 12 and 4; that is, they 832. 
are as 3 to 1; the Maſſes are as 1 to g; that is, they are inverſely 
as the Squares of the Velocities ; therefore the Forces, which were 
deſtroy'd by making equal, and ſimilar Cavities, were equal k. 755 
We demonſtrate the fame Thing, by making uſe of Bodies 
falling directly. | 


A Macnine, whereby the Forces of Bodies, falling directly, are 
compar*d, 

The Board AB is a Foot long; ten Inches broad; and two 833. 
Inches thick. It is made hollow in abc d an Inch and an half 1 
_ and is join'd faſt to the Feet EE, E E, by which it is ſup- i 
ported. | 

Upon theſe Feet, at the Angles of the Board, four wooden Pil- 
lars CD, CD, CD, CD, ſtand. The Pillars are ſomewhat above 
three Feet high. Two which are join'd to the ſame Foot, which 
is plac'd broadwiſe to the Board, are join'd by the ſmall Rulers e e, 
ee, ff; , g; b, ; in ſũch manner, that the Ruler RR, being 
plac'd between the ſmall correſponding ones, may be parallel te 
the Surface of the Board. 

Three Balls (Fig. 3.) that are equal, made of Braſs, of an Inch 
and an half Diameter, are made uſe of: one C is ſolid, the other 


two hollow; theſe conſiſt of two Hemiſpheres A, a, and B, &, 
which 


$26. 
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other ; which Effect follows the Proportion of the Number of Par. 
ticles moved, and the Space run thro" by them, in their Motion nea; 
one another ; and whether this be done flower, or faſter, the ſame 
Coheſion is to be overcome: whence we deduce, that the Force, 
are equal, which are conſumed in forming equal and ſimilar Cavities, in 


the ſame ſoft Body; whether theſe be made in a longer, or ſhorter Time, 


EXPERIMENT 2. 


In this Experiment we make uſe of the Machine, explained in 
the foregoing Chapter * : to this we join the Box, or rather wooden 
Solid AB, almoſt two Inches and an half thick; it is made hol- 
low in CD: this Cavity is above four Inches long, two Inches 
broad, and one Inch deep; two Slits EF, EF, go thro' the 
Wood. This Solid is faſten'd by two Screws, as G, going thro' 
the Board, to which it is applied, and the Slits. The Head H at 
the hinder Part of the Table retains the Screw, and the Extremity 
goes beyond the Slit, that it may be faſten'd by help of the out- 
ward Screw L, which, the Braſs Plate n being put between, com- 
preſſes the anterior Surface of the Solid, to make it faſt. | 

The Cavity of the Solid is fill'd with Clay, of which we ſpoke 
above *; we pare off the Clay which ſtands too high with a wooden 


Knife anointed with Oil, in order to make the Surface exactly 


PlateXXVII. 
Fig. 1. 


flat. 
The Solid is applied to the Board B C, Screws going thro' the 
Holes f, f, and thro” the Slits of the Solid, as we ſaid. In this Si- 
tuation, the Line on, (Plate XXVIII. Fig. 8.) which touches the 
Board, is in a vertical Situation, and agrees with the middle of the 
Board. The Solid, by means of the Slits, may be rais'd and de- 
preſs'd, and faſten'd at any Height, within certain Limits, its ver- 
tical Situation being kept. 
The Rectangle s is now remov'd, we make uſe of V only, which 
is ſuſpended, as we ſaw before &. 1 
To this we join + one of the Solids, of which before ||, and in- 
deed that which is repreſented at H, (Plate XXVIII. Fig. 7.) 
This is cylindrick, but terminated by a Cone, whoſe Section thro' 
the Axis gives an Angle of 85 Degrees. When y is at reſt, in the 
Situation which it acquires of its own accord, the Vertex of this 
Cone exactly touches the Surface of the Clay, if in the Diſpoſition 
of the Hooks, by which the Threads join'd to vr, are ſuſtain'd, we 
attend to what was deliver'd in N* 766, _ 
| he 
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The Rectangle 7 is drawn by the Thread, that it may be rais'd; 8 30. 
and when it is relax'd, it firikes the Clay, and the Cone makes a 
Cavity. The Velocity, with which the Body ſtrikes the Clay, is 
determin'd by the Diviſions of the Ruler V X ® ; this Ruler muſt * 737. 775. 
be faſten'd in ſuch manner, that its End X, when the Body is at 
reſt, may agree with its exterior Threads * : The Rectangle only 725. 
with the Cone, which Maſs we call one, ſtrikes the Clay with the ,, *57- 4 
Velocity twelve, and a Cavity is made, whoſe true Magnitude is — a | 
repreſented at A. 

The Situation of the Box is chang'd, which contains the Clay, 
that the Cavity may be impreſs'd in it, at the Diſtance of an Inch 
at leaſt from the firſt. 

The Maſs of the Body mov'd is chang'd in ſuch manner, as to be bx 
equal to nine &; the Threads which ſuſtain the Body, now become 4 
longer; wherefore this muſt be rais'd F, that it may be exactly at f 769- 
the ſame Height at which it was in the firſt Trial. Then if this 
Body ſtrikes the Clay with the Velocity four, it will make a Cavity 
exactly equal to the former one A. 

The Velocities are in theſe two Caſes as 12 and 4 ; that is, they 832. 
are as 3 to 1; the Maſſes are as 1 to 9; that is, they are inverſely 
as the Squares of the Velocities ; therefore the Forces, which were 
deſtroy'd by making equal, and fimilar Cavities, were equal &. 738. 

We demonſtrate the ſame Thing, by making uſe of Bodies 
falling directly. 


A Macnine, whereby the Forces of Bodies, falling directiy, are 
compar d. 

The Board AB is a Foot long; ten Inches broad; and two 833. 
Inches thick. It is made hollow in 45e d an Inch and an half * 
eps An is join'd faſt to the Feet EE, E E, by which it is ſup- 5 
ported. 

Upon theſe Feet, at the Angles of the Board, four wooden Pil- 
lars CD, CD, CD, C D, ſtand. The Pillars are ſomewhat above 
three Feet high. Two which are join'd to the ſame Foot, which | 
18 plac'd broadwiſe to the Board, are join'd by the (mall Rulers ee, 
%; , g; h, h; in ſich manner, that the Ruler RR, being 
plac'd between the ſmall correſponding ones, may be parallel te 
the Surface of the Board. | | 
Three Balls (Fig. 3.) that are equal, made of Braſs, of an Inch | 
and an half Diameter, are made uſe of: one C is ſolid, the other | J 


two hollow; theſe conſiſt of two Hemiſpheres A, a, and B, b, 1 
which ; 


1 841. 
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which are join'd by a Screw. The Weights of the Balls are to one 
another as one, two, three. | 

When Experiments are to be made, the Cavity ab cd is fill 
with Clay *, and what Clay ſtands above the reſt, is ſcrap'd off hy 
a piece of Board, or wooden Knife, that its Surface may not only - 
be exactly plane, but may alto make the ſame Plane with that Pr: 
of the Board which ſtands above, and ſurrounds the Cavity. 

The Ruler mention'd R R, is made hollow a little underneath 
longwiſe, that it may receive any of the Balls, whilſt it is held by 
the Hand M, as is repreſented at G. In this Situation the lowel 
Point of the Ball is diſtant nine Inches from the Surface of ti; 
Clay. This Diſtance is double, if the Ruler R R paſtes between 
the Rulers /, / /, ,; if between the Rulers g, g, triple; and quz- 
druple if between /, h. 

But this Diſtance for the moſt part muſt be diminiſh'd a little, 
but unequally in different Circumſtances ; then the Ball is applied 
to the End of the Screw I, which goes thro' the Ruler RR, and 
may be put thro' it more or leſs, 


EXPERIMENT 3. 


We call the lighteſt Ball the firſt ; we call that the ſecond, whoſe 
Weight is double; laſtly, we call'd the ſolid Ball the third, whoſe 
Weight is triple of the firſt. 

The Ruler RR being put between the Rulers e, e, the ſecond 
and third Balls are let down ſucceſſively, being firſt  oil'd ; theſe 
in part fink into the Clay and make Cavities, ſo much the greate: 
as the Balls are heavier, The Cavities are B, C, which are repre- 
ſented in Fig. 4. the Dimenſions being reduc'd to half. The 
Lines mark'd with Points ſhew the Depths of the Cavities. 

If the Ruler RR be put between the Rulers 7 /, and the fil 
Ball be let down, the Cavity will again be B, (Fig. 4.) 

If RR be between g, g, and the firſt Ball be let down, thc 
Cavity will be C, Fig. 4. | 

And in general the Cavities don't differ when the Heights are .- 
verſely as the Maſſes, in which Caſe the Forces are equal *. 

That all Scruple, which may ariſe from the Depth of the G- 
vity may be remov'd, the Ball is applied to the hollow Surface 0 
the Ruler, and let down; the Diameter of the Cavity is meaſur d 
and by having recourſe to the Table contain'd in the firſt Scholium 
tollowing, the Depth of the Cavity is diſcover'd, which is expre!> d 
in hundredth Parts of the Diameter of the Ball. The Screw | 


advanc'd 


advanc'd beyond the hollow Surface of the Ruler, as much as is 
equal to the Depth diſcover'd; the Experiment is repeated, the 

Ball being applied to the End of the Screw, a new Cavity is 
form'd in another Place of the Clay ; and, the firſt being neglected, 

we conſider this. | 

We faid further, that we muſt not regard the Time in which 836. 

the Cavity is made; becauſe the Effect is determin'd. The Preſ- 

ſure deſtroys the Force, if it acts in a leis Time, it acts faſter ; and 
when the Space paſs'd thro' is the ſame, the Action is the ſame *; * 728. 
which ſhould be referr'd to all the ſmall Parts of the Effect. But 

the Force, which is deſtroy'd, is equal to the Action, which de- 
ſtroys it *; all theſe things ſpontaneouſly flow from thoſe things, 7c9. 


which we treated of before ; yet I will illuſtrate the thing itſelf by 
Experiments. 


EXPERIMENT 4. 


We make uſe of the Machine with the compound Pendulum de- 837. 
icrib'd above *. We apply three Curſors + to the Pendulum O Q || 
at Diſtances from the Center of Motion taken at pleaſure ; but 1o, rig. 2. 


that the two extreme ones may be at leaſt fix Inches diſtant from Þ 733: 
the Ends of the Ruler O Q. 738. 


We join two Solids * to each of the Curſors. * 738. 

We make uſe of the Box that contains the Clay +, as in the + 827. 
ſecond Experiment foregoing. This Box is join'd to the Table 
ABC, and may be fix'd at any Height, the Screws being put 
thro' Holes, as d, d. 

The Box is vertical, as in the ſecond Experiment, and its Side 
on (Plate 28. Fig. 8.) agrees to a vertical Line, drawn thro' the 
middle of the Board; and when the Pendulum is at reſt, if the 
Curſor anſwers to the Box, the Vertex of the Cone, by which the 


er, is terminated, join'd to the Curſor, reaches to the Surface of 
the Clay. | 


The three Curſors mention'd, applied to the Pendulum O Q, Plite XXX. 


are ABC; the Cones g, b, are fimilar; the Box is faſten'd ſo as E. 2. 
o anſwer to the Curſor A, the Pendulum is rais'd to a Height 
nich we determine by the Index; for Example, to the Height 

of 40 Or 45 Diviſions ; it is Icft to itſelf, and loſes its Force, whilſt 

it makes a Cavity in the Clay. | 


1 . . * | . Us - 
The Situation of the Box is chang'd, that it may anſwer to the Plate XXX. 


Curſor B; but it is faſten'd in ſuch manner, that the Curſor may Fs. 


aniwer to another Part of the Surface of the Clay. The Pendulum 
15 
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Plate XXX. 
Fig. 4. 


838. 
Plate XXX. 
Fig. 5. 


744. 


Plate XXX. 
Fig. 6. 
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is rais'd to the ſame Height in the foregoing Caſe, and the ſame 
Force is deſtroy'd, the Curſor B acting upon the Clay. 

Laſtly, the Curſor C, whoſe Cone is chang'd by joining g of þ 
to it, in whoſe Place z is ſubſtituted, makes a third Cavity, whilſt 


the Pendulum, being mov'd in the fame manner as in the two fore. 


going Trials, loſes its Force. 
Theſe three Cavities are ſimilar, and equal; tho' the Times, in 
which hey are made, differ. 


EXPERIMENT [ # 


Thoſe things being laid down, which were explained in the 
foregoing Experiment; to the Pendulum O Q we join the two Cur- 
ſors A, B, with their Solids; to the firſt at Y is joined one of the 
Cones, by which the Cavities, in the foregoing Experiment, were 
made. 

The Weight P *, of two Pounds, is applied at the diſtance of 
fifteen Inches from the Point of Suſpenſion, and the Pendulum 
being raiſed to an Height little ſhort of thirty-eight Diviſions, let 
it loſe its Force, the Cone h running againſt the Clay. 

P is taken away, and the Weight T, which is equal to half a 
Pound, is faſtened at the diſtance of thirty Inches from the Cen- 
ter of Motion; other things remain. The Pendulum is raiſed 
to the Height of 40 Diviſions and an half, and the Cone h alfo 
makes a Cavity; the Cavities will be equal. The Diſtances of 
15 and 30 Inches are meaſured from the middle Points of the 
Weights. | 

By Experiment 4th, of the foregoing Chapter, it is plain, that 
the Velocity of the Cone / was the ſame, in both Strikings ; there- 
fore, when the Cavities are equal, and fimilar, it is manifeſt that 
they were made in equal Times. Now if we refer to this, what 


vas ſaid * upon occaſion of the 3d Experiment of the foregoing 


Chapter, it will appear, that equal Parts of theſe Cavities are to 
be attributed to the Actions of the Bodies P, and T, which loſt 
their whole, and equal * Forces ; for they were moved with Ve- 
locities in the Ratio of 1 to 2, whilſt the Maſſes were as 4 to 1, in- 
verſely as the Squares of the Velocities. 

When a Cavity is made, each of the ſmaller Increaſes are to one 
another as the Number of Particles which yield, and as the Spaces, 
through which they are moved between others ; that is, theſe In- 
creaſes are as the Forces, which the Body loſes by making thele 
Increaſes *: therefore the Sum of the Increaſes, that is, e whole 

Cavity, 
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Cavity follnos the Proportion of the Sum of the Forces loſt, that 841. 
Is, of the Force loſt in the Formation of the whole Cavity, 
Therefore the ſame Body moved with a determinate Velocity, if 
it conſumes its Force by preſſing inwards the Parts of a ſoft Body, 
will make a Cavity of a' determinate Magnitude, whatſoever Figure 
this has. 
EXPERIMENT 6. 


We make uſe of the Machine, by which the 2d Experiment 8 


of this Chapter is demonſtrated ; it is managed in the ſame man- Plate XXXI. 


ner as that ; but there is a different Cone, which, joined to the Fig. 7. 
Body, runs againſt the Clay. 

We make uſe of two different Cones ſucceſſively, which are 
repreſented at G and I (Plate XXVIII. Fig. 7.) If we cut the firſt 
through the Axis, we have an Angle of 55 Degrees; the Section 
of the ſecond gives an Angle of 102 Degrees. 

The firſt Cone being joined to the Rectangle, and the Cylinder 
being added, that the Maſs may be three *, let this run againſt the * 774. 
Clay, with the Velocity ten, the Body is at reſt, and the Cavity 
is repreſented at B. 


The Cone being taken away, and the ſecond being uſed, let the Plate XXXI. 


Experiment be repeated, with the ſame Velocity, the Situation of I 
the Box being altered, we have the Cavity C, which being com- 
pared with B, the Diameters are as 3 to 4. 

The ſame Body, moved in the ſame manner, made both theſe 
Cavities; the Forces deſtroyed were equal; the Figures of the 
Cavities differ; yet they are equal. For from the Angles of 0102 
and 55 Degrees mentioned, it follows, that the Depths of the 
Cavities, the Diameters being as 4 to 3, are as 9 to 16, as every 
one will diſcover, who draws the Figure, or makes his Computa- 
tion from the Tables of Sines; therefore the Depths are inverily as 
the Squares of the Diameters of the Baſes ; that is, inverſly as the 


844. 


Baics themſelves &: and therefore the Cavities are equal +. * 2 El. 12. 


But the Demonſtration of the Formation of the Cavity is univer- 
fal *; whence it follows, that the Cavities which in a ſoft uni- 84 5. 


„ . . * 
iin Bedy, whoſe Parts are ſimilar to one another, and equally 4** 


cohere, and being compreſſed, yield among other Parts, (for we 
b peak here of ſuch a one,) are made by Bodies, ꝛcl ich conſume their 
woe Forces by theſe Attions, are to one another in a Ratio com- 


funded of the Maſſes of the Bodies, and Square: of the Velacities, 
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Fig. 9. 
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EXPERIMENT 7, 


This Experiment alſo is agg as the ſecond of this Chapter 
the Cone being kept, whoſe Angle is 85 Degrees, which wa: 
uſed in that Experiment. The Body, whoſe Maſs is four, ſtrikes 
the Clay with the Velocity ſix, and makes a Cavity. 

The Mats is doubled, and the Velocity, and the Body again 
loſes its Motion, ſtriking againft another Part of the Clay. 

The Force in this laſt Cale is octuple the former &; the Diameter 
of the Cavity is double, and the Cavity itſelf alſo octuple ] for the 
Cavitics of the Cone are ſimilar, 


EXPERIMENT 8. 


If the Body, by which the firſt Cavity was made, in the th 
Experiment, ſtrikes upon the Clay eight times ſucceſſively, in 
the ſame manner, and always acts upon the ſame Place in ſuch 
manner, that it continually increaſes the Cavity ; after eight Strokes 
the Cavity will be equal to that, which was formed the ſecond 
time in Experiment ſeventh ; that is, it will be octuple that, which 
is made by one Stroke. Which is another Confirmation, that the 
Force deſtroyed follows the Ratio of the Cavity itſelf. 

Twenty-ſeven equal Strokes make a Cavity, whoſe Diameter is 
triple, and which exceeds the firſt twenty-ſeven times *. 

We muſt obſerve concerning this Experiment, that ſometimes, 
the Strokes being repeated, which are made upon the fame part 
of the Surface of the Clay, this acquires an Elaſticity ; then the 


Cone does not ſtick in the Cavity after the Stroke, and the Expe- 


periment does not ſucceed ; but it always anſwers well, every 
time that the Cone ſticks in the Cavity, even to the laſt. 

In the two laſt Experiments the Cavities were fimilar, there- 
fore 1 will add the following ones in which the Figures difter. 


EXPERIMENT g. | 
This is managed as before, only we change the Weight put inte 
the Rectangle, and let the Maſs be now fix ; the Weight might have 
been kept. Let the Body run againſt the Clay, with the Velocity 
eight; let the Diameter of the Cavity be meaſured : this was !l 


the Experiment which we mention ninety-eight parts, an hundred 
of which are contained in half an Inch. 


We take away the Cone ; this was that which is marked H. 
whoſe Section through the Axis in the Vertex gives an Angle . 


2 
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85 Degrees &, we ſubſtituted the Solid L, which is terminated * 738. 829. 


by an Hemiſphere, whoſe Diameter is equal to half an Inch, ; 

The Body ſtrikes the Clay again, with the ſame Velocity eight; 1 
it conſumes its Force, by making a Cavity, which has the Figure 
of a Segment of a Sphere; the Diameter of the Cavity is alſo mea- 
ſured, by uſing hundredth Parts of an half Inch, and is equal to 
ninety-four Parts. 

If theſe Diameters being given, of 98, and 94 Parts, we have 
recourſe to the Table, which is had in the firſt Scholium follow- 
ing *, we diſcover the Magnitudes of the Cavities to be 514 and * 357. 

os; that is, that they are as to Senſe equal. 

The Experiment being repeated with the Velocity fix, we had g 53 
the Diameter of the Cone 81 and the Diameter of the Segment 8 1. 
The Magnitudes of the Cavities now were 290, and 283; again 
equal as to Senſe; and the Tables demonſtrate, that nothing more 
accurate can be given in them. But theſe Forces are to the firſt, 
as 36 is to 64 * in which fame Ratio theſe laſt Cavities are to the 
firſt 36: 64 :: 288: 512. 

As in this Experiment we make uſe of the ſmaller Sphere, (we 854. 
can't uſe the greater with the Machine, which we made uſe of) 
it may be ſuſpected, that the fmaller Differences can't be ſuffici- 
ently diſcovered by this Method; I will now conſider greater Ca- 
vities, whoſe Figures are different; for it is well known, that une- 
qual Segments of the ſame Sphere are not ſimilar. 


78. 


rie 10. 


We muſt return to the third Experiment of this Chapter *. 855. 
We have ſeen that the Cavities are equal, which were made by * 834. 
equal Forces; I ſpeak now of comparing thoſe with one another, 
which were impreſſed by unequal Forces. 

We had the Cavities B, and C, the ſecond and third Balls being 
let down, from the Height of nine Inches; I let down the ſirſt Fig. 4. 
Ball from the ſame Height, and there is given the Cavity A, the 
Forces, by which theſe three were impreſſed, are as one, two, and 
three *. | 7.08: 

The ſecond and third Balls being let down, from the Height of 
eighteen Inches, double the former, the Forces are as four and 
ſix *; and the Cavitiesare D and E. ®. 754+ 

The Diameter of the Ball, which is equal to an Inch and an 
half, being divided into an hundred equal Parts, the Diameters of the 
. Cavitics, 


Pl. XXXII. 


7 
1 


| 
| 
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| Cavities, will be denoted by theſe Parts, A, 65; B, 76; C. 24, 
D, 87; E, 93 +- nn 
Therefore the Segments are 80, 162, 243, 320, 489 * near! 

3 as 1. 2. 3. 4. 6. that is, as the Forces by which the Cavities ws 
impreſſed. 7 | 

856. From the ſame Propoſition, that the Cavities are proportional 
841. to the Forces *, which we now have illuſtrated by various Expe- 


riments, we alſo deduce, that what has been ſaid of one Cavity only 

may be referr'd to many; and from the Force given by which the 
Cavity is formed, we ſhall determine the Number of Cavitic: 
equal to this, which may be made by any other given Force, 
whatſoever. 


"EXPREIMENT II. 


= o 'S This Experiment ſcarce differs at all from the laſt but one, and 
Fig. 12. {ome others. 
A Rectangle is ſuſpended ; the Maſs is determined at pleaſure; 

let this be for Example two. We uſe the Cone G (Plate XX VIII 
Fig. 7.) whoſe Section through the Axis gives in the Vertex an 

843. Angle of 55 Degrees *. It ſtrikes againſt the Clay with the Ve- 
locity five. 

PI. xxvII. The Cone is taken away, and the Copper-plate PQ R is ſub- 

Fig. 9. ſtituted ; it reſembles a Croſs, whoſe horizontal Arms, one of 
which only appears R, are ſhorter than the others. Theſe ſmaller | 
Arms alſo are perforated, as is ſeen in I. Two Screws go through 
the Holes, by which the Plate PQ R is joined to the Rectangle ſuſ- 
pended, But that Rectangle is uſed, in whoſe anterior Surface the 

* Holes, which receive the Screws, are in an horizontal Line *“; to 
that P Q may be vertical. 

To this Part P Q are applied four Cones 8, 8, 8, 8, whoſe Bate: 

are Cylindrick, that they may not take up too much room. The 
Cones are like that, which we have already uſed in this Experi- 
ment. 

iN XXXI. The Maſs of the Rectangle is kept, which is equal to two; the 

s Pertices of the four Cones, when the Rectangle is at reſt, touch the 

Clay, but are not ſupported by it. 

Now when the Body ſtrikes againſt the Clay, the four Cone: 
penetrate equally into it, and make four equal Cavities, If the 
Velocity be ten, double the former, that is, if the Force be qua- 
druple *, theſe Cavities will be equal to the former: which on 


the Body impreſſed with the Velocity five. We 
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We have demonſtrated in general, and the Experiments fully 
confirm it, that we muſt not regard the Time, that we may de- 
termine the Effect, which a Body produces, whillt it loſes its Force. 
But I will add ſomething about determining the Time, and com- 
paring different Limes with one another, and I will give the De- 
monſtrations in the Scholia. 

In my Machine, / 4 Body, cylindrically terminated, ſtriking 
againſt the Clay with the Velocity ten, penetrates into it, (viz. 
the Clay) the Depth of one Inch, the Time of the Action upon the 
Clay will be the tenth Part of one Second; and this Time, the Cy- 
inder being changed, or the Rejiſtance of the ſoft Body being varied, 
ts lang as the Striking is made with the ſame Velocity, follows the 
Ratis of the Depth. 

If the Bodies are different, and the Cylinders have different Dia- 


neters, the Time follows the direct Ratio of the Product of the Mrjs by 


* 


the Velccity, and the inverſe one of the Baſe of the Cylinder. 
When the Cavities are ſimilar, but howſoever unequal, the Cubes 


of the Times follow the direct Ratio of the Maſſes, the verſe one of 


the Velecities of the- Bodies. | 
If various Bodies be terminated by a Figure formed by the Revo— 


lutton of the ſame Parabola round its Axis, and theſe be carried gc- 


cording to the Direction of the Axis of the Parabola, the Squares of 


«. 


the Times, are as the Maſſes ; therefore the fame Body, with what— 
ſocver Velocity it is carried, the Circumſtances mentioned being 
laid down, loſes its Motion in the ſame Time. 


It with the Velocity ten, in my Machine, the Cavity be an Inch. 


deep, the Time in this Caſe, and in others, in which the Velocit 
only is changed, will be a Twelfth of a Second. But #f;, the Ve 
laeity remaining, the Depth be chang'd, the Time will be as the 
Depth. 


SCHOETUM: I. 
The comparing the Segments of a Sphere. 


| ] N ſome Experiments * of this Chapter we took notice of a Table to 
| be exhibited in this Scholium. 

In this Table we compare ſimilar Cones with one another, or other ſimilar 
Bodies; for all theſe follow the ſame triplicate Ratio of the corre{ponding 
Lines, ſuch as are the Diamcters of the Baſes of ſimilar Concs. 


We 


860, 


$61, 


862. 
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We alſo compare with one another the Segments of the ſame Sphere 
from the Diameters of the Segments being given; which we meaſure b. 
Parts, an hundred of which are contained in the Diameter of a Sphere. 

We ſuppoſe the Hemiſphere, which is the greateſt of the ſmaller Seg. 
ments, to contain a thouſand Parts, and by theſe Parts we expreſs the other 
Segments. 

And that we- may compare Cones with Segments, we meaſure the Cone 
themſelves by-theſe ſame Parts; if the Diameters are determined in hun- 
dredth Parts of the Diameter of the Ball; Cones being given, whoſe 
Sections through the Axes give in the Vertex Angles of 85 Degrees. 

Segments, whoſe Diameters differ little from the Diameter of the Ball, 
are not put in the Table; becauſe the leaſt Difference in the Diameters, 
anſwers to a very great Difference in the Cavity: we have alſo neglected 
the ſmaller, docs theſe are of no uſe in the Experiments “. 


A TaBL', whereby the Segments of a Sphere aud Cone are con. 
pared, from the Diameters given, an Hemiſphere being divided 
into a thouſand Parts, and the Diameter of the Cone into an 
hundred. 


Segment | 
Diam. of the Segment of the Cone. 
Depth. 

35» 23 
36. 25 
37 27 
38. 30. 
3 9. * 3 2. 
40. 35: 
41. 38. 
42. 40. 
43. 43 
42. 46 
45+ 49. 
46. 52. 
47. 56. 
48. 60. 
49. 64. 
50. 7. 26. 68. 
51. 7. 28. 725 
52 « 7. 30. 77 
5 3» 8. 33. 81. 
54. 8. 36. 86. 
55. 8. 39. * 


Nam 
Diam 


50. 


Segment 
. of the: 00 
one. 
42, 
45. 
96. 
4s. 101. 
5 106. 
5 118. 
6 124. 
7 130. 
80. 149 
: - 
5 * 
97. 1G, 
5 | 164 
4. | 
111. 79 
118. 1 
126. ; 
126 44 
6+ 94 4 
152. : 
162. 230 
173. | 
184. 249 
196. : D 
208, 26g 
221 : 4 
115 4.4 
250 50 
266. 115 
283. 323 
301 5 
100 335. 
341. 359 
341 372 
387. 4 | 
414. : , 
o_ 1 7 
73. 
508. 439 
508 453. 
468. 
483. 
498. 
100 530 
6 = 
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SCHOLIUM II. 
Of the Time, in which the Cavities are made in general, 


HAT we may determine the Times, in which Bodies running againſt 
ſoft Bodies, make Cavities ; and that we may compare the Times in 
which different Parts of the ſame Cavity are form'd, me muſt attend to 
the Maſs, Velocity, and Figure of the Body ſtruck; and firſt, the Reſiſ. 
tance from: the Coheſion of the Parts of the ſoft Body will be to be deter- 
min'd by Experiments. EN: 

Therefore the Cavity being given, which was made by the ſtriking of the 
Body whoſe Maſs and Velocity are given, in all others we are to ſuppoſe 
the ſame ſoft Body to be conſidered. | 

We ſuppoſe the Surface of this Body plane; that the Striking is direct; 
and that the ſoft Body makes an immovable Obſtacle. | 

From the Cavity. given in one Experiment, the Cavity in another Cale 
allo, if the Force of the Body be given, is determin'd “; therefore we 
ſuppoſe the Depth of the Cavity known. 

Let this Depth be AB; let AI C be a Curve, by whoſe Revolution 


round its Axis A B, the Figure of the Body was determin'd; we call this 
Curve the Line of the Figure. 


We conceive a ſecond Line ALD, which has the ſame Axis AB; but 
whoſe Ordinates, as H L, follow the duplicate Ratio of the correſponding 
Ordinates, as H TI, in the firſt Curve; that is, H L is as the Square of the 
Line HI ; and, from the firſt Curve being known, it is diſcover'd in the 
Second. If the Body itſelf be cut by a Plane, perpendicular to the Axis, the 
Section will be as the Square of HI, that is as HL, and the Curve ALI 
will repreſent the Solidity of the Body, which agrees with the Cavity. 
We call this Line he Line ef the Cavity. | 


The Surface AB D repreſents the whole Cavity; and the Surface AHL 


is proportional to a Portion of the Cavity made, when the Body has pene- 


873. 


trated into the ſoft Body to the Depth A H. The Surface H LB D re- 
preſents that, which remains of the Cavity to be made, that the whole 
Force may be deſtroy'd; that is, this Surface H LB D is proportional to 
that part of the Force, which the Body has left when it is immers'd to the 
Depth H A*: therefore this Surface is proportional to the Square of che 
Velocity, in this very Moment. 

We now conceive a third Line EMB, which we call the Line 9 
the Velocity. The Axis is A B again; the Baſe AE repreſents the Veloci 
ty, with which the Body projected comes to the Surface of the ſoft Bod); 
the Velocity decreaſes, and when the Depth of the Cavity is HA, tne 
Velocity is proportional to the Ordinate H M. This is a Property of this 
Curve, that the Square of the Ordinate, as H M, follows the Proportion 
of the Surface HBDL *; wherefore, the Quadratures of the Figures 
being granted, from the given Cuive ALD, we determide F. VIE 


itlelk. 


F 
* 111 
133 


7 
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From the known Line of Velocity, we deduce a fourth, which we call 875. 
the Line of Time, of which this is a Property. The Baſe B F expreſſes 
the whole Time, in which the Cavity is impreſſed, and the whole Force is 
conſum'd; the Ordinate H G denotes the Time, in which the Body has 
penetrated to the Depth A H. | | 
The Difference between this Ordinate H G, and the following 5g, 
namely 1g, repreſents the Moment of Time, in which the ſmall Space 
H h was run thro', with the Velocity HM, that is, H M x ng follows 
the Ratio of H4* ; which ſmall Space, if it be conceiv'd conſtant, will 121. 
give the conſtant Product H Mx g. | 
Therefore, the conſtant ſmall Space H h is to u g, as the Ordinate HM 3876. 
, is to ſome conſtant Line; which Property determines the Curve of the 877. 
Time. But the Line B F touches this in the Vertex F, by reaſon of the 
; evaneſcent Velocity in B. | 
If the Body, keeping the firſt Velocity A E, with an uniform Motion, 878, 
ſhou'd run thro* A B, the Time would increaſe uniformly, and all the _ 
ſmall Lines 1g, being put equal to H i, would be equal, and the Curve 
would be turn'd into a Right Line, which at A would coincide with it, 
that is, it would touch it. Let this Tangent be AN; then B N will be to 879. 
BF, as the Time, in which the Body wou'd run thro' the Space A B, 
with the Velocity with which it runs againſt the ſoft Body, is to the Time, 
in which it loſes its Force by making the Cavity. 
If for the various Strikings we — ſimilar Figures, and equal Quan- 0. 


tities 1n all, be denoted by equal Lines, by this we compare, what relates 
to theſe different Caſes. x | 


SCHOLIU M III. 
The Demonſtrations of N. 859. 860. 862. 


I* the Application of the Theory, explained in the forgoeing Scholium, 
which is very univerſal, there often occurs a great Difficulty ; becauſe 
we have to do with the Curves, called Mechanical Curves; and then, if 
we tend to the Arithmetical Expreſſions by Algebra, we muſt for the 
moſt part have recourſe to the infinite Series. Yet in ſome Caſes all is 
performed by Geometrical Lines, as will appear by the following 
E.xamples. | | 
| Let us conſider the right Cylinder, moved according to the Direction of 882. 
its Axis, running perpendicularly againſt the Surface of a ſoft Body. 

The Line of the F igure is a right one parallel to the Axis; ſuch alſo is 
the Line of the Cavity *; we repreſent both theſe by the ſame a C. We 3851 
uppoſe AE to repreſent the Velocity, with which a Body projected comes Pl. 32. P. 6. 
4 YL. Surface of the ſoft Body, and that the Line of the Velocity is 
Reg E, whoſe Ordinate, as H M, follows the ſubd uplicate Ratio of the 

vage IH CB“; But this Rectangle is every where as the correſpond- 873. 

. F. e ing 
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ing Abſciſs ; therefore the Square of the Ordinate is as the Abſciſs, which 
is a Property of the Conick Parabola “. | (0, 

That we may now diſcover the Line of the Time, we ſuppoſe BN pro- 
portional to the Time, in which AB may be run thro? by a Body, mov'd 
with that Velocity, with wlich the ſoft Body is ſtruck ; and AN will be x. 
Tangent to the Curve in A. 

Let the Curve be AF; whoſe Axis is FQ. 

If GR be drawn perpendicular to the Curve in G, the rectangular Tri. 
angle GR O will be ſimilar to the rectangular Triangle Gg; by reafon 
of the equal Angles RG O and a GH; ftorgGO is the Complement of 
both to a right Angle. Therefore Gn, or Hh, is to ng, as GO 5s 0 
OR; that is, G O is toOR, as H M is to a conſtant Line *; but as we 
have ſeen, in this Figure, H M follows the Ratio of the ſquare Root of 
the Abſciſs BH, or FO; therefore GO is to OR, as the ſquare Root of 
the Abſciſs FO to that conſtant Line; whence it follows that the Curve 
AGF alſo is a conick Parabola; for in this G O follows the ſubduplicate 
Ratio of FO“ and OR is conſtant +. 

Hence it follows that FP and F Q, or A B, are equal“; and that FN, 
BN are allo equal. Wherefore the Time in which the Cavity is impreſſed, 
which is proportional to B F, is double that, in which the Body, with the Ve- 
locity with which it was ſtruck, could run thro* a Space equal to the Depth 
of the Cavity, which Time was denoted by the Line BN. 

It we would apply theſe Things to the Example propoſed in N. 859, we 
fuppoſe thele Things known otherwiſe. That the Body, applied to my 
Machine, deſcends to the Depth of one Inch, the Velocity being ſuppos'd 
14,0. That it was alſo diſcover'd by Experiments, made with Pendu- 
lums “, that a Body, by falling from the Height of ten Rhinland Feet, 
acquires a Velocity, with which it would run thro' twenty-five ſuch Feet in 
one Second. | 

This Height is to the Height of one Inch, as 120 to 1; therefore the 
Body, in falling from the Height of one Inch, acquires a Velocity, with 
which in one Second a Space of 27, 4 Inches“ is run thro'; and this is in my 
Machine the Velocity, which we call 14,6, which is to 10, as 27,4 15 to 
18,7. Therefore the Space run thro* in one Second, with the Velocity called 
ten in my Machine, is 18,7 Inches; and the Time, in which one Inch is 
run thro”, is 0,053 z the double of which, namely the Time in which 2 
Cavity, one Inch deep, is made, is o“, 106; which Time ſcarce exceeds 
that mention'd in N. 859. 

If we conſider another Caſe, it is manifeſt that zhe Time is changed as 
BF, which follows the Ratio of B N. But this, if the Velocity remains, 


follows the Ratio of the Depth A B, as we ſaid in the ſaid N. 859. 


If the Velocity be changed, the Time, in which a Line as AB is run thro), 


is diminiſh'd, as the Velocity is increaſed, and B N, and therefore BF, 
mnver/ly as the Velocity. 


In general the Time is diretily as the Depth and inverſly as the Velocity: 


From 
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From theſe Things we eaſily deduce, what relates to different particular 


ſes as long as we conſider cylindrick Bodies. 
wo 7 gt Depth; d the Diameter; M the Maſs ; v the Velocity ; 
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888. 


889. 


the Cavity will be p pd *, which is equal to the Force M vv T. Whence . 14: 


v Ad 
ſaid in N. 860. 
. When a Body, by making a cylindric Cavity, loſes its Force; it conti- 


El. 12. 
I 4 2 2 
we deduce 2 M v But 7 is as the Time “; therefore this is as T7 t 75 


7. 


890. 


nually loſes of this according; to the Ratio of the Space run thro' *, in * 840. 


the ſame manner as a Body projected upwards 1 therefore it is ſubject 4 470. 
to the ſame Law of Retardauon, with this, that is, he Velocity is diminifo*d 378. 754. 
* 


equably, in equal Times T. | oe 
Let us now ſuppoſe the Body to be terminated by a Figure, which a 
Parabola, revolving about its Axis, makes, 


Let A I C be this Parabola; which is the Line of the Figure, whoſe pi. 32. F. 7. 


Axis is A B, which alſo is the Axis of the Cavity, The Line of the 
Cavity is a right one, drawn from the Vertex A LD; for the Square of 


the Ordinate A I is as A H“, the Ratio of which AL alfo follows + ; L= Hie S 


377. 
891. 


wherefore H L is as the Square of H I, which is the Nature of the Line of ©: lib. 3. 


the Cavity ||. 
Let the Line of Velocity be E M B; the Square of the Ordinate fol- 


prop. 1. 


7 4. El. 6. 


871. 


lows the Ratio of the Surface LHB D*, which is the Difference of * 8-4. 


the Triangles ADB, A LH; theſe Triangles are ſimilar as the Squares 


of the Sides AB, AH “*; therefore the Square of the Ordinate EI M, 
which is as the Difference of the Triangles, is alſo as the Difference of theſe 
Squares. Whence it appears that the Line B M E, 1s a Circle, or Ellipſe; 
tor if with the Center A, and Radius A B, the Quadrant of a Circie be 
deſcribed BME ; the Square H M will be equal to the Difference of the 
Squares A Band A H. It inſtead of a Circle an Elliple be uſed, we ſhall 
not have this Equality, but the Ordinates will be in the ſame Ratio “. 


® 19. El. 6. 


892, 


* La Hire 
The Line of Velocity, determines the Line of Time“; but in this 8% Cor. lib. 


Caſe we have to do with a Mechanical Line; but if we make uſe of a? PP: 3. 


Circle for the Line of Velocity, we don't want another Line ot Time: 
For we have ſeen that the Line of Velocity of a Pendulum, moved in a 
Cycloid, is alſo a Circle, and that the Time is determin'd by the Circum- 


893. 


876. 


terence of it ® ; which will take place here alſo. The Time in which a * 468. 


Body penetrates to the Depth A H, is to the Time in which it makes a 
whole Cavity, as the Arc E. M, to the Quadrant of the Circle E MB 
The infinitely ſmall Space A a, is run thro? with a Velocity, with which 
the ſtriking is made; and the Arc Ee, equal to A a, repreſents the Time, 
in which it is run thro'; therefore if a Body, moved with the ſame Velo- 
city, runs thro' the Quadrant of a Circle E MB, it will do this in 2e 
Time, in which the Cavity itſelf is made. Therefore this 'Tinie 7s to the 
Time in which the Body, with the Velocity, with which the Striking is made, 
would run thro* the Depth of the Cavity, as the Quadrant of a Circle to the 
Semidiameter. If AB be one Inch, E MB will be equal to 1,57. Inch. 
E e 2 With 


894. 


7. B45. 


377. 
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898. 


* 894. 


+ 120. 370. 


899. 


Plate XXXII. 
Fig. 8. 
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Wich the Velocity, which in my Machine is called ten, a Body in one 
Second can run thro' 18,7 Inches“; in a twelfth Part of this Time 1 
runs thro? * almoſt 1,57 Inches, and in this Time the Cavity is made 
we have ſhewn in N“. 862. 

If, the Body remaining the ſame, the Velocity be chang*d, the Cavity 
which the Surface ADB repreſents *, is changed as the Square of the Ve. 
locity +; this Surface follows the Ratio of the Square of the Line AB, te- 


3 à8 


' preſenting the Depth of the Cavity; therefore the Velocity is as the Depth; 


and this being varied, yet 1s run thro? in equal Time *: whence it follows 
that tbe Cavity is always made in equal Time , as we have alſo obſcrved 
in NL. 862. 

If, the Volocity remaining the ſame, the Depth of the Cavity be changed, 
for any reaſon whatſoever, the Time is varied in the Ratio of the Depth 
changed, in which this might be run over with that fame Velocity “; bur 
that has a conſtant Ratio to the Time, in which the Cavity is made 
which therefore is alſo varied in the ſame Ratio. AR 

By the following Rule we alſo determine this very Time, in which the 
Cuvity is impreſſed ; tor it is to the Time, in which a Body by falling acquire; 
the Velocity, with which the firiking is made, in a Ratio compounded of 
the De;th of the Cavity to the Height, from which the Body fell, and the 
Quadrant of the Circumference of à Circle to the Diameter. 

T' eſe Times are to one another, in a Ratio compounded of the Time, 
in which the Cavity is impreſſed, to the Time in which the Body with the 
Velocity, with which the ſtriking is made, can run thro* the Depth of 
the Cavity, and the Ratio of this laſt Time to the Time of the Fall thro' 
the ſaid Height. The firſt Ratio is that, which is given between the 
Quadrant of a Circle and its Semi-diameter *, The ſecond Ratio co- 
incides with the Ratio of the Depth of the Cavity to the Height ſhewn, 
duplicate +. The compound Ratio is not changed, if one Confequent 
being ſquare, we reduce the other to half; if inſtead of the Semi- diameter 
we put the whole, and inſtead of the duplicate Height we make uſe ot the 


Emple Height, we ave what was to be demonſtrated. 


SCHOETUM IV; 


Of comparing the Times, in which the Cavities are made, ſeme 
peculiar Figures being given. 


E ſhall call thoſe analogous Curves, whofe Ordinates are propot- 
tional, which anſwer to proportional Abſciſſes. 

The Curves FAG, OHP, whoſe Axes are AC, Hl, are analo- 
gous, becauſe if we take at pleaſure AB: AC:: HI: H L, this other 
Proportion is given DE:FG::MN:OP. 

Let us conceive theſe Curves to turn about their Axes, and to deter- 
mine the Figures of the Bodies. If ſuch Bodies, moved according to the 


Diechon of the Axes, ſtrike againſt the Surface of a ſoft Body F 
cularhy;: 


0 
0 
{ 
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cularly, the Times in which they loſe their Forces may be compared with 
one another by an caſy Rule; but by it the Times can't be compared with 
the Time in which a Body, with a known Velocity, runs thro' a given, PR" 
Space, as we have done in the foregoing Scholium “. 208 4. ©94- 
Let us conceive the Bodies terminated by theſe Curves, to ſtrike upon 900 
a ſoft Body in ſuch manner, that they may penetrate to FG and OP. 
Let us further ſuppoſe theſe Bodies to be divided, by Planes perpendicular 
to the Axis, into {mall Orbs, but ſo, that in every Body all the Orbs may 
be of the ſame Thickneſs, and each of the Bodies may contain the ſame 
Number of Orbs. 
The Axes AC, and AL, are divided into an equal Number of Parts; 
therefore if there be the ſame Number of Parts in AB, and HI; it will 
be FG: DE::OP:MN*®; and by altern. FG: OP: DE: MN.  *99. 
And the Orbs are alſo proportional, of which theſe are the Diameters; and 1 
there is given the ſame Ratio between any correſponding Orbs whatſo- 
ever, as between the laſt; that is, the correſpondent Orbs are every where 
in the ſame Ratio; and the Sum of all, is to the Sum of all, that is, one 901. 
Cavity is to the other, as any Orb whatſocver to its correſponding one; 
cr as the Sum of any Orbs whatſoever to the Sum of the correſponding ®* ones. 12. El. 5. 
Whilſt the Bodies come to the Surface of the ſoft Body, they have 
Forces, proportional to the Cavities FAG, OHP“; and they are“ 841. 
moved with Velocities which are in a determinate Ratio. 
When the Parts DAE and MHN, have penetrated into the ſoft 902. 
Body, the Forces deſtroyed are in the Ratio of thoſe which the Bodies . _ 
had in the Beginning “*, therefore the remaining Forces alſo are as the , ” ll. 5 
firſt ; as alſo the Velocities in the fame Ratio as in the Beginning |]. 753. 
The Time in which the Depth of the Cavity D AE is increaſed by the 90g. 
Quantity B, is to the Time, in which the other Body runs thro' I i, 
directly as BH to 17, and inverſly as the Velocities, with which the Bo- 
dies are moved in theſe Moments ?. But B is to I:, as AC is to 121 
. | 2.3 by reaſon of the equal Number of Parts in both Lines: and the 
Velocities in this Moment as in the Beginning +. Therefore the Time in 4 992. 
which any Orb is immerg'd, is to the Time in which the correſponding 
Orb penetrates into the ſoft Body, dire2ly as the Depths of the Cavities, 90. 
which the Bedies impreſs in conſuming their whole Forces, and inverſly as 
the Velccities, with which the Bodies ftrike ageinſt the ſoft Body ;, and in the 
{ame Ratio is the Sum of all the Moments, in which all the Orbs ſucceſ- 
lively, in E AG, are immerg'd, to the Sum of the Moments, in which 
this ſame Thing happened in OHP *. But theſe are the Times, in woich * 12. El. 5. 
tbe Hole Cavilies are impreſſed. | 
This is an univerſal Rule, which takes place, whatſoever the Cavities be; 
and the Demonſtration of this Rule may be applied to any Figures what- 
lvever of Bodies, when the immerſed Paris are ſimilar z wherefore this Ruce 995, 
may be applied to all ſimilar Cavities. | 
3 this latter Part I will firſt explain the Uie of the Rule. Let the 906. 
<Pth of the Cavity be «; the Cavity will be ***; therefore, if M be the * 8. 12. Kl. 
| | Mats | 
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Maſs of the Body, and v the Velocity, it will be #*x==Mowy+, if T 
be the Time; it will be T = +3 and T. = „ 


ſaid in N. 861, 

Let us return to the analogous Curves, DE: FG:: MN: OP; be. 
cauſe AB: AC:: HI: HL“: let us now put AX: AZ:: HI: HI 
it will be RS: TV:: MN: OP; therefore putting in the ſame Cury- 
AB: AC:: AX: H Z, it will be DE: FG:: RS: TV. Whence it 
follows that the Change of the Ordinate depends upon the Change of th: 
Abſciſs, according to ſome conſtant Law; and that the Nature of all ana. 
logous Curves poſſible may be expreſſed by a general Equation. 

If x be the Abſciſs as AB; y the duplicate Ordinate correſponding ti 


it; the Equation will bex—=y * or x"=y", M and u denoting any whole 
Numbers and Fractions. \ 

If one Number or the other be negative, the Curve will be of no {:- 
vice in the preſent Affair. 

But that we may be able to compare different Curves, which are ex. 
preſſed by the ſame particular Equation, we ſupply the Dimenſions which 
are deficient in one part by making uſe of the Line à, by which we d. 
ſtinguiſh ſuch Curves from one another, and the general Equation be- 
comes 4 *—® & =. | 

It the Abſciſs x expreſſes the Depth of the Cavity, the Cavity itſelf wil 
be equal to a Spheroid, of which x will be the Height, which Solid i: 
| 2n—2m-2m-n 
a n 4-45 


FED - © 
oportional to MVD, and is equal to 

— K 9 2 m+n 

they know, who are not ignorant of the firſt Elements of the Quadraturc 

of Curves. 


We may neglect the conſtant Multiplier „ for we do not 


2 mn 
therefore change the Proportion, whatſoever the peculiar Equation be: 
yet @ is kept, that a Compariſon of different Lines of the ſame Equation 
be made. 
2n—m 2m-+n z mn 2m—2 
Therefore we puta n *# n Mv, that is, x Ng 


x | zm n x2m+n 
N. 21» — *, "> — 
M»"v*®: but T=—*; therefore 1 m_ TL 


If now inſtead of x we ſubſtitute the Value, we diſcover the Equation 


T 2m+ n= gzm—zn MÞ ym, which ſupplies an univerſal Rule, fo! 


comparing the Times in all analogous Curves, as will appear by Examples 


912, 


Let us put mo, n=1 ; the Equation of the Figure a xm 1 l8 


* 909. changed into this a=y, and the Figure is cylindrick. Now T=a = Me- 


1 911. 


or 


4 
_ 
y. 
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N 1 
or T = _— „that is, the Time is directly as the Product of the Maſs by 


the Velocity, inverſly as the Square of the Diameter, or as the Baſe *®, as * 2 El. 12. 
we had it above T. Th + 889. 
Ifm=1, and n=1; the Equation of the Line“ gives x, and we 913. 
have to do with the Cone; but à vaniſhed: and that we may compare dif- 909. 
ferent Cones with one another, we ought to make a new Computation. 
Let us ſuppoſe d to be the Diameter, when c is the Height, and it l 
will be, 4: c:: : X; or dx=cy. The Solidity of the Cone is as yy x*, ii. 1 El. 


; dd | * M 12. 
hat is, —x = Mvvyt, but T =— |}; r ; 845. 
that is, as —x +, bu —l therefore T TIT» gives | 045 


a general Rule for any Cones whatſoever, 
Let m= 1, andn=2; the Equation of the Figure“ is ax= and 
the Figure is a Parabola, whole Parameter is . A'Subſtitution of Now 4 —＋ 


bers being made in the Equation, T 2m n ,im—3n M vnn which ex- 


hibits the Value of the Time“, we have T*= ar M, or Das *g11, 
a 


and the Square of the Time is directly as the Maſs, inverſly as the Para- 


meter. 
Neither muſt we proceed otherwiſe in other Curves. 


916, 
The Curve a* x=y*, gives T“ = 
a* 
3 
„ e * | 
ax*=y*, gives T 3 
x* =aay, gives 1 = abs 
aM 


x ayy, gives Tt = . Sc. 


In the two laſt Caſes the Solid is formed by the Converſion of the Curve 
round the Tangent in the Vertex. 
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B O O K II. 


PAR T II. Of the ſimple Colliſion of Bodies, 
direct, and oblique. 


K — 


— 


GAK. 
Of the fimple Collifion of Bodies, direct. 


DEFINITION I. 


TME Celerity, with which two Bodies come towards one ant 


| ther mutually, or are ſeparated, is called the reſpefiv: 
Celerity. | 


When both the Bodies tend to the ſame Part, they come toward; 
one another, or are ſeparated, with a Velocity, which is equal 1 
the Difference of the abſolute Velocittes. | 

But the reſpective Velocity is the Sum of the abſolute Velhcitiu, 
if the Directions of the Motions are contrary, | 


DEFINITION 2. 


The ſtriking is ſaid to be direct, when they ſo meet, that there 
is no reaſon, why they ſhould turn towards one Part, rather than 
towards another; fo that, before and after the Concourſe, the Me- 
tion is in the ſame Line, if it is not all deſtroy d. 


In ſuch a ſtriking, theſe three Things ſhould concur. The 


Direction of the Motion, or Motions, when both Bodies are 


moved, ſhould paſs thro' the Centers of Gravity of each; this ſame 
Line, which paſſes thro' both Centers, ſhould cut the Parts of the 


Surfaces, which run againſt one another mutually ; laſtly, theſe 


Surfaces, which mutually run againſt one another, ſhould be per- 


pendicular to the Line, which paſſes thro' the Centers of Gravity 


DEFINITION 3. 


In every other Caſe the Stroke is ſaid to be oblique. 
The Bodies, in which Collifion takes place, are either hard of 


ſoft; we know of none perfectly hard *; all that are faid q . 
| "a: 
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hard by us are really elaſtick; therefore we mult ſpeak of theſe 
and of ſoft ones: we ſhall briefly ſhew what would happen in 


every Caſe to perfectly hard Bodies. 


Not every Concourſe of Bodies belongs to the ſtriking ; Bodies 
may ſo come together, (and of this Caſe we ſhall ſpeak aſter- 
wards), that the Acceſs of the Surfaces may be with a Velocity 


infinitely ſmall, and this Action may be continued during Time, 
but no {triking is given here. 

This takes place, when a Surface comes to a Surface, upon 
which it acts immediately, with a finite Velocity, ſo that the 
Action is given from the innate Force, 

All Bodies, known to us, confiſt of Parts cohering together by 
2 Force, whoſe Effect we know, but whoſe Cauſe we are igno- 
rant of: but no one will call it in queſtion, that the Parts do 


cohere together by a true Preſſure, to what Cauſe ſoever we at- 
tribute it. 


There is no Preſſure, which cannot be overcome by the ſmall- 


eſt innate Force *; therefore there is no Collifion of Bodies without 
fome Introceſſion of their Parts. 

If there were Bodies perfectly hard, they would be broke by the 
ſmalleſt Collifion ; for in theſe the ſmalleſt Motion of the Parts is 
not without their Separation *. | 

[ ſhall ſpeak of the Collifion of Bodies in general in this 
Chapter; therefore I muſt explain what obtains in Bodies non- 
elaſtick ; for this alſo takes place in thoſe that are elaſtick, in the 
Moment in which the Bodies concur, before the Parts preſſed in- 
wards return to their former Figure. 

By this reſtoring themſelves to their Figure, elaſtick Bodies mu- 
tually repel one another; therefore they are ſeparated after the 
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928. 
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9300. 


Stroke, But there is no ſuch Action given, i they are deſtitute of 31. 


all Spring; therefore after a direct ſtriking they are not ſeparated ; 


for in this ſtriking, the Direction can't be changed *, and there- * 920. 


fore if the Blow does not make them both reſt, they both continue 
their Motion in the ſame Line, in which they mov'd before the 


Stroke, and in which they are not mutually repell'd from one 
another. 


Whilſt the Parts of Bodies are preſſed inwards, the Force * is 798: 
deſtroyed, which exceeds the Preſſure, by which they cohere + ; + 926- 


therefore one Body cannot run againſt another, or two againſt one 


if there 15 given a Collifion of the Bodies. 
Vol, I. F f In 


932. 


U * * - * 
anoiver mutually, without a Diminution of the Sum of the Forces *; 927. 
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In elaſtick Bodies the Parts ſtruck return to their former Fi. 
gure, and -returning preſs the Body, by whoſe Action they were 
preſs'd inwards ;. by this Preſſure a new Force is generated: but 
we don't ſpeak of this yet, in elaſtick Bodies themſelves there is 4 
Diminution of the Forces, before the Figure is reſtor'd, of which we 


ſpeak here. 


No Force is deſtroy'd in the Collifion of Bodies, befides that by which 
the Parts are preſſed inwards. 

Let us firſt ſuppoſe the Bodies to tend towards the ſame Part, 
That which goes foremoſt neceſſarily moves ſlower than the other, 
and is accelerated by the Stroke ; but the hinder one, becauſe it 
acts on the other, loſes ſomething of its Force. The Effect of 
the Force loſt is the Increaſe of the Force in the foremoſt Body, 
as is alſo the Introceſſion of the Parts; this Effect is equal to the 
Force loſt by the hinder Body *; but that, which the foremoſt ac- 


quir'd, is not the Force deſtroyed ; therefore this only is deſtroyed, 


by which the Parts yield inwards. 

Secondly, let the Bodies tend towards contrary Parts. The 
Body, which runs againſt a ſoft, and fixed Obſtacle, loſes its 
whole Force by preſſing the Parts inwards; for it produces no 
other Effect: and therefore loſes its whole Force by preſſing the 
Parts inwards, becauſe the Obſtacle has a ſufficient Reſiſtance. 

The Reſiſtance is not leſs, when the Obſtacle is not fixed, but 
approaches towards the Body with a contrary Motion : wherefore 
the Body, in this Caſe, does not exert a leſs Effect by preſſing the 
Parts inwards, and likewiſe conſumes its whole Force by this 
Action, 

But two Bodies being given, which are carried towards contrary 
Parts, each is an Obſtacle in reſpe& of the other, and each con- 
ſumes its Force by preſſing the Parts inwards. But if one loſes 
its whole Motion before the other, in that Moment we have the 
Caſe now examin'd, and the Demonſtration is univerſal. 

But by Experiment we prove this Propoſition, which 18 2. 
Paradox, vi. that Force never. immediately deſtroys Force. 


EXPERIMENT 1. 


We make uſe of the ſame Machine *, by which Experiment 2. 0! 
the foregoing Chapter +, is demonſtrated. But we apply to 
both the Rectangles r, and s; the Hooks, which ſuſtain the 
Threads, being diſpos'd, as is explain'd before ||. To 
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To the Rectangle / we join the Cone H (Pate XXVIII. Fig. 7. ), 
as in the Experiment mentioned &. * $29 
To the Rectangle s is added the Cylindrick wooden Box M 
(Plate XXVIII. Fig. 10.); this, for this Purpoſe, has the 
Screw n, Which is put into the Cavity in the anteriour Surface of 
the Rectangle *. The anteriour Cavity o of this Box is filled with * e. 
Clay; which is ſo ſcraped off by a thin Plate, or wooden Knife, 
whoſe Edge is rubbed over with Oil, that the Surface may be 
plain, and even; then the Box is weighed, and a little Clay is 1 
thruſt into its hinder Cavity, as much as is neceſſary, to make 1 
the Weight of the Cylinder equal to the Weight of the Cone, 
applied to the Rectangle r. Many ſuch Cylinders, thus prepared, 
are required, three or four at leaſt, 
| We put the Cylinders into the Rectangles, and there faſten 
s them, whereby their Weight is increaſed “*; and indeed ſuch, that * 774. 


OO OE eee LI oh Coe IE 2 


| 
each of the Maſſes may be equal to three. | 
The Rectangles are diſpoſed in ſuch manner, as was ſaid before 940. | | 
of one of them *; but Care muſt be taken that they are ex- * 76. | 
actly in a horizontal Situation, at the ſame Height, and at the | 
lame Diſtance from the Board BC; then, the Rectangles being at | 
reſt, in the Situation which they acquire of their own Accord, | 
the Threads joined to the Hooks g and /, are parallel, as thoſe | 
alſo, which paſs over the Hooks h and i; the Vertex of the Cone, 
joined to the Rectangle r, anſwers to the Center of the Surface of 
the Clay in 5, and there touches it. | 
The Ruler VX is faſtened, and the Rectangle r is raiſed, as is 
ſaid in the Experiment often mentioned *; the Index O is fo ap- 830. 
plied, that it may anſwer to the tenth greater Diviſion of the 
Ruler *. * 775: 
The Rectangle is let down from this Diviſion, and runs againſt 941. 
the Rectangle s which is at reſt with the Velocity ten, and car- 
ries it along with it, and impreſſes a Cavity in the Clay. 
The Threads which were parallel when the Rectangles were 942. 
ſuſpended are not fo now, becauſe the Vertex of the Cone does 
not touch the Clay, as before, but has penetrated into it. They 
arc to be reduced to a Paralleliſm. The Hooks g, g, g, and b, h, h, 
remaining, the Plates are turned, which determine the Diſtances 
of the intermediate Hooks g, / and b, i*; and /, /, J, as likewiſe * -6, 
„ 7, 7, are moved towards the Middle, as much as is neceſſary, that 
the Paralleliſm may be reſtored, in which there is no Difhculty ; 
and we faſten the Ruler Y Z in ſuch manner, that the End Y 


F f 2 may 


220 


* $30. 


943 


* 941. 


944- 
Pl. XXXIII. 


Fig. 1, 


17 757. 


® 034- 


* 757. 


Mathematical Elements Book 11. 


may anſwer to the hinder Threads of the Rectangle s, when the 
Bodies joined, hanging freely, are at reſt “. 

The Cylindrick Box is taken away, which was join'd to ;: 
and we ſubſtituted another, filled with Clay in the ſame manner. 
We place the Index ſo, that it may agree to the fifth greater 
Diviſion of the Ruler VZ. 

We raiſe the Rectangle 7 again, and it is let go againſt the 
quieſcent Body s with the Velocity ten; they aſcend together to 
the Index 9, to which the hinder Threads of the Rectangle: 
come, but don't run againſt it. 

The Cavity, which is impreſſed in the Clay, and in general 
the Effect of this Percuſſion, does not differ from the Effect in. 
the firſt Trial“; becauſe, in both Caſes, the ſame Force was ac- 
quired by the Body 7 in its Deſcent, which was the ſame ; but, 
in the firſt Caſe, by reaſon of the Paralleliſm of the Threads be- 
ing deſtroyed, we could not exactly meaſure the Velocity, after 
the Percuſſion, before that was reſtored. 

We had the Body R, whoſe Maſs is three, that ſtruck, with 
the Velocity ten, againſt the quieſcent Body 8, whoſe Maſs is 
alſo three; after the Percuſſion they were moved together with 
the Velocity five, and a Cavity was made which we repreſent at 
A 


The wooden Cylinder n being taken away, which is joined to 


8, we again ſubititute another, filled with Clay; the firſt Situa- 


tion of the Hooks is reſtored that the Bodies may be ſuſpended, 
as they were at firſt *, the Situation of the Ruler Y Z (Pie 
XXVII.) is a little changed alſo, that the End Y may agree a- 
gain to the hinder Threads of the Rectangle 8S. The Indices 
being ſo applied, that, on either Side, they may anſwer to the 
fifth * greater Diviſion ; from them the Bodies R, and 8, are let 
down together, that they may meet in the middle, where they 
are at reſt, The Motion of both was deſtroyed ; and the Cavity 
impreſſed was exactly equal to A. | 

In the firſt Caſe the Velocity of the Body R was ten, tlc 
Maſs three; the Force therefore was 300 *. After the Stroke the 
Maſs was fix, the Velocity five, and Force 150 +. Thi: 
Force only rernained, and an equal Force was deſtroyed ; which 
could not be conſumed, without prefling the Parts inwards *; for 
there was no other Effect. 


In the ſecond Caſe, the Force of each Body was 75 *, and the 


whole Force deſtroyed alfo 150; but by reaſon of the 6p 
avity, 
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Cavity, ſimilar to the former, this very Force was conſumed it 
making the Cavity “. | | 55 

It plainly appears, that the Force 1 50 is required in every Caſe 
that ſuch a Cavity may be made, Circumſtances being changed. 

The Rectangle R, with its Cone þ, is kept; the Maſs only is 947. 
changed, which is now ſix; this, with the Velocity five, ſtrikes Pl. XXXIII. 
againſt a fixed Obſtacle, as, in many Experiments of the forego- Fig. 3. 
ing Chapter *, Bodies were ſtruck againſt ſuch an Obſtacle ; the » 82. 8; 
Cavity again is exactly equal to the foregoing, and the Force de- 
ſtroyed is alſo 150 F. 

We ought alſo here to conſider that, which we took No- 
tice of on another Occaſion concerning the Threads extended *, 831. 
when the Weight was encreaſed. 

Theſe Bodies cannot act mutually upon one another with a 
Motion common to the two Bodies ; therefore the Stroke depends 
upon the reſpective Velocity, which remaining the ſame, the Inten- 948. 
fity of the Stroke will be the ſame, howſoever the abſolute Celerities 
vary ; the Introceſſion of the Parts depends upon this Intenfity, 949. 
which therefore 40// be ahvoays the fame, if two Bodies, run a- 
gainſt each other mutually, with the ſame reſpective Velocity, with 
what Velbcities ſoever they are moved. 


. 


EXPERIMENT 2. 
This Experiment is performed as the foregoing, 


To the Rectangle R the ſame Cone 0 is join'd, but the Maſs is geo. 
equal to four“. The Maſs of the Rectangle 8 is three, and Fl. XXXIII 


to it is join'd the Box with Clay 2 +. The Bodies are ſuſpended, CEE 
as 18 faid above ||. 1 939. 
The Body R ftrikes againſt the quieſcent Body 8, with the | 940 
Velocity ſeven; a Cavity is made in the Clay. The Box m is 
taken away, and another is ſubſtituted, The reſpective Velocity 
was ſeven *. * 918. 919. 
The Index 9 is ſo placed, that » by deſcending may acquire 951. 
the Velocity nine; this remaining, the Situation of the Ruler V X PI. XXVII. 
18 changed in ſuch manner, that the End X may anſwer to the . 
anteriour Threads of the Rectangle s, this being at reſt, Then 
#15 raiſed towards V, to ſuch an Height that the ſame Threads 
may anſwer to the ſ:cond greater Diviſion of the Ruler X V, and 
the Index Þ is ſo placed, that its Point may agree to the inmoſt 
of the ſaid Threads, This Index, which 1s repreſented by itſelf 
at 
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at P, and p, (Plate XXVIII. Fig. 6*.), conſiſts of a Screw, that 


its Place being kept, it may approach towards, and be removed 
from the Thread, to which it anſwers; but this Screw is 0 
turned, that, the Index remaining, the Bodies may paſs near it 
freely, the inmoſt Threads paſſing at a ſmall Diſtance only from 
the Point. If s be now raiſed, that the anteriour Threads ma 
anſwer to the Index p, it will by deſcending acquire two Degree, 
of Velocity towards Z. 

The Bodies R and 8 being raiſed together, that the Thread. 
may reſpectively anſwer to their Indices; let them be let down 
at the ſame Time, and they will come to the loweſt Place, that 
is, the middle of the Machine, at the fame Time alſo *; and 
they will meet there, whuſt they are carried towards the ſame 
Part, the foremoſt with two Degrees of Velocit,, the hindermoſt 
with the Velocity nine: the reſpective Velocity was ſeven again“. 
The Box m is removed, and we ſubſtitute another Box like it. 

The Situation of the Ruler XV is reſtored, that the End 
X may anſwer to the hinder Threads of the Rectangle r. The 
End Y, of the other Ruler, ſhould anſwer to the hinder Thread: 
of the Rectangle s in the ſame Manner. We ſuppoſe the Rett- 
angles to be at reſt. 


The two Bodies R and S are let down in ſuch manner, that 


being carried towards contrary Parts, 8 acquires two Degrees of 


Velocity in deſcending, R five; with theſe Velocities they mect 
in the Middle of the Machine * and in the Percuſſion the re- 
ſpective Velocity is ſeven +. 

In theſe three Percuſſions the reſpective Velocity was the ſame, 
namely ſeven ; the three Cavities made likewife are exactly equal. 

Now I think I have ſufficiently explained how Bodies may 
with any Velocities whatſoever mutually ſtrike againſt one ano- 
ther, whether we conſider conſpiring, or contrary Motions ; allo 
how the Velocity, common to both, may- be meaſured after the 
Stroke: for this Reaſon it will be unneceſſary in what follows, to 


explain farther in like Experiments, what relates to the Diſpo- 


ſitions of the Machines. 

Let us now ſee what follows from the laſt Propoſition “. Equal 
Forces are conſumed in making equal Cavities ; no Force is lolt 
beſides that, which is conſumed in making the Cavities || ; there- 
fore howſcever two Bodies are moved, if the reſpective Velocity i. 


the ſame, the ſame Force will be deſtroyed by the Stroke &. i 
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EXPERIMENT 3}. 


This Experiment is made as the foregoing one ; all Things are 
erformed in the ſame Manner; but every Thing mult be repeated, 
of the three Trials *, thoſe Things being obſerved which were 


explained in N'. 942. that we may determine the Velocity after 


the Percuſſion each Time; but we diſcover the following. 

In the firſt Caſe * the Bodies are carried by a common Motion 
with the Velocity four. In the ſecond + with the Velocity fix. In 
the laſt || they have only two Degrees of Velocity. 

In the firſt Caſe, before the Percuſſion, the Body R only was 
moved. The Maſs was 4, Velocity 7; therefore the Force 196“. 
After the Percuſſion the Bodies were joined, and the Maſs was 
equal to 7, the Velocity 4; the Force was 112; therefore the 
Force 84 was loſt by preſſing the Parts inwards. 

In the ſecond Caſe the Force of the Body R, was 4 x 81 = 
324; the Force of the Body S was 3 x 4=12 ; therefore the 
Sum of the Forces was 4336. After the Stroke the Force was 7 x 36 
S252. Therefore the Force deſtroyed was alſo equal to 84. 

In the laſt Caſe the Forces before the Percuſſion were 100 and 
12; the Sum of which is 112. 84 alſo exceeded the Force 28 
remaining after the Stroke. 

Since the Force deſtroyed by the Stroke, the ſame Bodies re- 
maining, and the fame reſpective Velocity, is always the ſame, it 
will be ſufficient to determine this in one Caſe ; and it will be 
given in all the reſt. | 

If two Bodies, whether equal, or uncqual any how, carried to- 
wards contrary Parts, run againſt each other mutually, their Mo- 
ton may be fo compounded, their reſpective Velocity being given, 
that either of them may carry the other along with it after the 
Stroke; whence it follows, that the Caſe is given, in which they 
are at reſt after the Stroke, 

; an this Cale th» Sum of the abſolute Forces is equal to the Force 

CeItrO 

In this ſame Caſe this Sum is the ſmalleſt of all, the reſpective Velo- 
city being kept : for if a lefs Sum were given, a leſs Force would 
be loſt by the Stroke, which is impoſſible k. 

But we ſhew in the firſt Scholium following, that this Sum is 
 malleſ of all, if, the Directions being put contrary, the Ce- 
2 25 are inder ſely as the Majjes, and that it is leaſt in this Caſe 


Whence 


Pl. XX 
Fig. 4 5. 6. 
* 950. 952. 
953- 
"980. 

T 952. 

ll 953- 


958. 
95757 


959. 


960. 


ved in every Caſe, the ſame reſpective Velocity being given *. 956. 


. 
961. 


224 
962. 


.. 


® 119. 
+ 361. - 
|| 709- 


905. 


Mathematical Elements Book I} 


Whence therefore it follows, in this Caſe only, that Bodies car. 
ried towards contrary Parts, and running againſt one ongth4; 
are at reſt after the Stroke, if the Velecities are inverſely as fl. 
Maſſes . 

But in this Caſe the Forces themſelves are as the Velocities 
that is, they are unequal *, if the Bodies are unequal ; which 
ſeems to be a great Paradox, For this Reaſon I will demon. 
ſtrate the Propoſition itſelf alſo directly, that it may appear from 
the Nature of Percuſſion, that this Inequality is altogether 
neceſiary that there may be Reſt given, the Bodies being ſup- 
poſed unequal. 

Let us ſuppoſe two Bodies, carried towards contrary Parts, and 
running againſt one another directly; they conſume their Force: 
in ſuch manner by pre{'ug tie Parts inwards, whilſt they either 
become flat; or one pen-tra:2s to the other, that, after the firſt 
Contact, the Bodies run through certain Space; the Parts in the 
mean time receding between tho next to them, 

An equable Coheſion not e b overcome through this whole 
Space; but if we ſuppoſe this pace divided into very finall Spaces, 
the Reſiſtancc to be overcome :: each of them may be looked 
upon as equable through the whole ſmall Space ; and each Body 
will overcome ſome of this Reſiſtance, by moving its Particles 
between thoſe next to them, according to the Ratio of the Part 6f 
ſmall Space run through by it: bu: tyo Bodics, carried towards 
contrary Parts, do indeed together run through a whole ſmall 
Space ; but the Parts of it, run through by each, are as the Velo- 
cities &; in which ſame Ratio are the Reſiſtances of the Coheſion 
overcome; Which are as the Actions of the Bodies &; or as the 
Forces loſt ||. | 

Therefore in every Collifion of two Bodies, running againſt eac 
other with contrary Motions, the Decrements of the Forces, in each 
of the infinitely ſmall Moments, are as the Velocities of the Bodies, i" 
theſe very Moments. 

Which Rule takes plece 'till one of the Bodies loſes its whole 
Force; which is then repelled by the other, and acquires ne“ 
Force. But if both Bodies loſe their Forces, at the fame Time, 
they ere at reſt at the fame Moment; and this is the Caſe, which 
we muſt examine. | 

Let us ſuppoſe 7wo Bodies, carried towards contrary Parts, alc 
running againſt each other with Velocities, which are inverſely ® 
the Maſſes; the Forces will be as the Velocities “. in 
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In the firſt Moment, after the Surfaces have mutually touched 
each other, the Decrements of the Forces, which are as the Velo- 
cities , are as the Forces themſelves ; and the remaining Forces as * 905. 
the firſt Forces ; in which ſame Ratio are the remaining Velo- + 19. Et. ;. 
cities . 791. 
Th ſame Way of Reaſoning may be applied to the ſecond, and 
following Moments ; and, in each, the Decrements of the Forces 
are as the Forces themſelves ; which therefore are conſumed in 
the ſame Time: wherefore the Bodies are at reſt at the ſame . 
Moment; which the ſame Demonſtration evinces to obtain in this 
Caſe only, in which the Velocities are oppofite as the Forces. 
From this alſo it appears, that the Decrements of the Velocities, 96). 
in every Collifion, each Moment, are inverſely as the Maſſes. For if, 
the reſpective Velocity remaining, the Motions be any how 
changed, thoſe Things are not altered, which immediately depend 
upon the Stroke &; and what has been demonſtrated in a peculiar * 945: 
Caſe concerning the Decrements of the Velocities, may be referred 
in general to the Changes of the Velocities, in any Collifion what- 
ſoever. 
From the foregoing Demonſtration it follows, that unequal Bo- 968. 
dies, carried towards contrary Parts, are not at reſt by a mutual 
Concourſe, except they have unequal Forces; about which Inequality 


of Forces, I will addhere ſome Experiments, worthy to be taken 
Notice of, 


EXPERIMEN T 4. 


The Body R with it's Cone h, which we made uſe of in the 61. 
foregoing Experiments, whoſe Maſs is nine, and Velocity two, PI. XXXIII. 
ſtrikes, againſt the Body 8, join'd to the Box m having Clay in Fig. 7. 
it, and whoſe Maſs is equal to two ; whilſt this is carried towards : 
the contrary Part with the Velocity nine. The Bodies, with the 
ſaid Velocities, which are inverſely as the Maſſes, meet in the 
middle of the Board, and are at reſt; and make a Cavity which 
we repreſent at B. 

y this Experiment we immediately confirm the Propoſition 
itſelf; what relates to the Inequality of the Forces will appear, if we 
compare this Experiment with the following one. 
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EXPERIMENT 5. 


The Maſſes of both Bodies R, and 8, are equal to two, the 
Velocity of each is nine, being carried towards contrary Parts they 
meet, and are at reſt, and make the Cavity C. | 

The Maſſes being changed, that they may be nine, if each Bo- 
dy runs againſt the oppoſite one, with two Degrees of Velocity, 
they will be at reſt again; and the Cavity will be D. 

It is manifeſt, that the Bodies, in theſe Circumſtances, ought 
to be at reſt, but it will ſeem ſtrange to him, who did not well 
underſtand the foregoing Demonſtration *, that the Cavities 
are unequal ; for this Reaſon I will add ſome other Experi- 
ments. 

The Force, which is conſumed in the foregoing Experiment, 
whereby the Cavity B was made, is equal to half of the whole 
Force, which was deſtroy'd in both Trials of this Experiment, 
and whereby the Cavities C, and D, were made : for this Rea- 
ſon it follows from what has been demonſtrated before *, that the 
Cavity B is equal to half of the Sum of the other Cavities C, 
and D; ſo that it equally differs from each of theſe : which 
agrees with the Experiment itſelf, as is diſcovered by meaſuring 
the Cavities. | 

But theſe are eaſily meaſured by applying the Sector, whereby 
ſimilar Solids, whoſe homologous Sides are the Diameters of the 
Cavities, are compared with one another; if we have not ſuch a 
Sector at hand, the following Experiment will be ſufficient. 


EXPERIMENT 6. 


The Body R, whoſe Maſs is nine, ſtrikes againſt a fixed Ob- 
ſtacle with two Degrees of Velocity, it makes the Cavity E. 

The ſame Body, the Maſs being changed, that it may be two, 
ſtriking a fixed Obſtacle with the Velocity nine, made the Cu- 
vity F. N 

The Inequality of theſe Cavities demonſtrates the Inequality 0 


the Forces in Experiment 4 * ; theſe are inverſely as the Maſſes f; 


and the Cavities are in the ſame Ratio || ; the Sum of theſe is equal 
to the Cavity B, made in the ſaid fourth Experiment, as appears 
by meaſuring the Cavities ; but it is alſo evinced by Experiment. 
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| ſtrikes againſt another Part of the fixed Obſtacle with the Velocity 1 983. 
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| EXPERIMENT 7. 


Let the Body R run twice againſt the fame Place of the Sur- 8. 
face of the Clay in ſuch manner, that it may the ſecond Time en- Pl. XXXIII. 
large the Cavity made the firſt Time, if in one Caſe the Maſs is Fig. 12. 
nine, the Velocity two; in the other the Maſs two, and Velocity 


nine; the whole Cavity will be equal to the Cavity B of Experi- 


ment fourth *. | * 8:0, 

In this fourth Experiment the Force of the Body R was ꝙ x 2 x 2== 79. 
26; the Force of the Body S was equal to 2 x 9 x 9 == 162; the Sum pl. XX XIII. 
is 198. If a Body, whoſe Maſs is nine, and that has the ſame Fig. 13. 
Cone h, as before, runs againſt a fixed Obſtacle with the Velocity 
four and ſeven tenths, it makes a Cavity, which is alſo equal to the 
ſaid Cavity B. The Force, deſtroy'd by this Stroke, is alſo equal 
to 198, at leaſt it ſcarce differs any thing from it ; which demon- 
ſtrates that ſuch alſo was the Force deſtroy'd in the fourth Expe- 
riment * ; which again puts out of doubt the Inequality of the + 841. 
Forces, - in that Experiment. | | 

If a Caſe being given, in which the Bodies are at reſt after the 
Stroke, the leſs Force be increaſed, but ſo as not yet to equal the 
Force of the other Body, the Body, whoſe Force ſhall be leaſt, 980. 
"_ compel the Body moved with the greater Force to go 
ack, | 

The Body that moves faſteſt, although it has the greater Force, 
conſumes its Force in a ſhorter Time, by preſſing the Parts 
inwards, and is repelled by the other, which has a Force re- 
maining. 

EXPERIMENT 8. 


Let us ſuppoſe the Bodies R, whoſe Maſs is equal to two, 

and S, whoſe Maſs is nine, carried towards contrary Parts, to run 981 : 
5 5 NA. XXXIV. 

againſt each other, this with the Velocity four, that with the Ve- Fig. i. 
locity twelve; R is repelled by the Stroke, end S continues in 
motion, carrying R along with it, with a Velocity, which ex- 
cceds one Degree. | | 

> being removed, the Body R, its Cone / being kept, ſtrikes "Roy 
againſt a fixed Obſtacle, with the ſame Velocity twelve; it im- pi. „ 
preſſes the Cavity A. Fig. 2. 


The Maſs is changed, that it may be equal to two, and it 


< 2 . . . * XXIIV. 
tour, with which 8 was moved in the laſt Colliſion, and the Ca- Fig. 3. 


G g 2 vity 
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vity is B, which is very much exceeded by the other; tho” this 
Body does not loſe all its Motion by the Stroke, and carries the 
other along with it. | | 

984. MWhen two Bodies run againſt each other, there are given two 
actions, and two Reactions, each Action is equal to it's Reaction. 
That the Bodies may be at reſt after the Stroke, it is requiſite, 
that each Body may ſuffer ſuch a Reſiſtance, by which being given, 
it may conſume its Force by acting, which cannot happen, when 

the Bodies are unequal, except the Forces are ins 
From what has been demonſtrated we deduce, that Bodies being 
9 given, and their 8 Velocity, that he Force deſtroy'd by the 
985. Stroke is determine , If the Sum of the Forces be determined, ſup- 
panty the ſame reſpective Velocity, contrary, Motions, and the Ve- 
ocities in an invetſe Ratio of the Maſſes * But we demonſtrate 
in the Scholia that this Sum is given, if the Product of the Maſſes 
be multiplied by the Square of the reſpective Velocity, and divided by | 
the Sum of the Maſſes,  _ | 


* 959. 960. 


EXPERIMENT g. 


2 The Body R, | whoſe Maſs is four, ſtrikes againſt the quieſcent 
Pl. XXXIV. Body 8, whoſe Maſs is equal to two, with the Velocity nine; it 
Fig. 4. makes the Cavity C; to which we have one exactly equal, if 
| Body, whoſe Mats is three, runs againſt a fixed Obſtacle, with the 
Fig. 5. Velocity ſix. ve Oy — 2 . 1 
757. In this laſt Caſe the Force deſtroy'd is 3x 36 2 108 *. An e- 
+ 826. qual Force was deſtroy'd in the firſt Caſe +. But we diſcover this 
by multiplying the Product of the Maſſes 8 by 81, the Square of 
the reſpective Velocity nine; and dividing the Product 648 by the 
Sum of the Maſles 6. | 
From what has been demonſtrated concerning Bodies that are at 
reſt after the Stroke, we deduce Rules, by which, the Velocities 
of Bodies after the Stroke, are determined, in every Caſe. 
987. Let the Bodies be moved, either towards the ſame Part (Fig. 1.), 
PLIXXXVII. or texwards contrary Parts (Fig. 2.), and let the Maſſes be as AB 
Fig. 1. 2. and BC; let the Velocity of this be BE; of that BN: the re- 
* 918. 919. ſpective Velocity will be EN *. Let this be divided in I in {ucÞ 
manner, that IN may be to IE, as BC is to BA; and BI 
will be the Velocity, with which both Bodies are carried 2/77 the 
Stroke ; for the Changes in the Velocities are in an inverſe Rat! if 
+ 967. the Maſſes P, BC acquires ET, whilſt AB loſes NI. It We 


Chile 
a 
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conceive a Ship to be carried with the Velocity BI, and the Body 

BC be moved in it, with the Velocity IE, from the Prow to the 
Stern, it has the abſolute Velocity BE; and the Body AB be carried 
from the Stern to the Prow with the Velocity I N, this will have the 
abſolute Velocity BN ; theſe Bodies, when. they are carricd in the 

Ship with contrary Directions and Velocities, which are inverſcl 
as the Maſſes, will be at reſt in the Ship. after the Stroke ; 962. 
ZW that is, they will be carried with the ſame Velocity with the Ship. 


BT is determined by an eaſy Rule, which that we may diſcover, 
let the Rectangles BM, BF, be the Products of the Maſſes by 
their Celerities, and let the Parallelograms A O and CD. be com-. 
pleated. DO being drawn, this cuts BN in I; for the Triangles 
FE DIE and IN O are fimilar; and IN is to LE, as NO, or: 
BCC, is to DE, or AB. Through I let KL be drawn, pa- 
rallel to AB, and the Complements I'M, IF, will be equal“; 43. El. v. 
therefore in Bodies tending t:wards the ſame Part, if from the Sum 988. 
of: the Products BM, and BF, of the Maſſes by their Velocities we Fig: 1. 
ſubſtract MI, and ſubſtitute I F in its Place, the foreſaid Sum. 
will be equal to the Rectangle AL; which if it be divided by 
== AC, he Sum of the Maſſes, the Quotient of the Diviſion will give 
A, or BI, the Velocity common to the Bodies after the Stroke. 


EXPEIMENT 10. 


== Againit the Body 8, whoſe Maſs is three, and Velocity three, 989. 
the Body R runs, whoſe Maſs is equal to two, and which tends Pl. XXX1V. 
owards the fame Part with the firſt with the Velocity thirteen. 8 ® 
4 After the Percuſſion the Velocity common to both is ſeven. We 
icover this by multiplying 3 * 3 and 2 x 13. The Sum, of the 

8 roducts 9, and 26, is 35. This being divided by the Sum of the. 
S$8Maſfles 5, we have ſeven. 

Noe have before explained how any Velocities whatſoever may be 

Pn preficd on Bodies tending towards the fame Part *; we have * 951.953 
1 cen alſo how the Velocity after the Stroke may be meaſured . f 779. 942. 
„e Bodies tend towards contrary Parts, and we ſubftract MI 990. 
om the greater Product BM, and ſubſtitute IF, we have BM Fl XXXVII. 
cus to the Figure AHLFEB; from which if we ſubſtract the 1 
1 1 roduet BF, we have HC the Difference of the Products of 
ce by their Velocities; but if this be divided by the Sum of 
© Maffes AC, the Quscticut will be the Velecity ſcugbt BI; which 
1 * is. 
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is directed towards the ſame Part with BN : that is, both Bodies 


the Velocity being diſcovered, are carried towards the ſame Part 
with the Body, whoſe Product of the Maſs by the Velocity exceed; the 


ſimilar Product of the other. 


EXPERIMENT 11L. 


The ſame Bodies, which were made uſe of in the foregoin 
Experiment, run againſt each other in this alſo, but with con- 
trary Motions; R with the Velocity five; S with ten Degrees of 
Velocity, and both Bodies, after the Percuſſion, have the common 
Velocity four; which is directed towards the ſame Part with the 
Motion of the Body S before the Percuſſion. 

The Products of the Velocities by the Maſſes are 30 and jc, 
2 Difference 20, divided by the Sum of the Maſſes five, gives 
our, 

If one Body is at reſt, it follows from both Rules, that the Pro 


duct of the Velocity by the Maſs of the Body moved muſt be divided by 
the Sum of the Maſſes. 


EXPERIMENT 12. 


The fame Bodies being given again; let R run againſt 8 which 
is at reſt with the Velocity ten, and the Velocity of both after the 
Stroke will be four. 

The Product of the Velocity by the Maſs is 20; this being di- 
vided, by the Sum of the Maſſes five, gives four. 

In theſe Demonſtrations we have conſidered the reſpective Velo- 
cities, and have applied the Concluſions to the abſolute Velocities, 
and in N. 956, to determine the Force deſtroy'd in Colliſion, we 
conſidered the reſpective Action only. This Way of Reaſoning 
takes place by conſidering both theſe Velocities, becauſe the re- 
ſpective Velocity can't be changed, without the ſame Change be- 
ing made in the abſolute Velocities. The Force alſo which is con- 
ſumed by prefling the Parts inwards is a Diminution of the abſo- 
late Force, though it depends upon the reſpective Action, and 
follows the Ratio of this Action. . 

In the others the reſpective Action muſt be diſtinguiſhed from the ab- 
felute ; for the ſame reſpective Change gives different Changes of 
the Forces, according to the different abſolute Forces before the 
Concourſe ; and a leſs reſpective Action of the ſame Body, moved 

- in 
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in the ſame Manner, upon another determined Body, can commu- 
nicate a greater Force to it. 


EXPERIMENT 13. 


Let the Maſs of the Body R be two, the Velocity ten ; let 


this run againſt the quieſcent Body S, whoſe Maſs is eight; after Pl. — 


231 


the Stroke both Bodies are moved with two Degrees of Velocity: Fig. 9. 


which agrees with the foregoing Rule “. 
The ſame Body R, its Maſs being kept, ſtrikes with the ſame 


Velocity ten againſt the Body 8, whoſe Maſs is eight, as before, Pl XXXIV. 


Ig. 10. 


but it is carried with the Velocity five towards the ſame Part. The 
Velocity common to both after the Percuſſion is ſiv; which again 
agrees with what is ſaid before &. 


992. 


* 988. 


In the firſt Caſe the quieſcent Body S, acquired two Degrees of 998. 
Velocity, and therefore the Force 32 * by the Action of the * z. 


Body R. 


* In the ſecond Caſe 8 had the Force 25 x 8 = 200. Aſter + 757 


the Stroke it had 36x8 = 288; and, by the Action of the Body 
R, it acquired the Force 88. Which might be eaſily confir me d by 
Experiments, if it had not been abundantly confirmed by Experi- 
ments in the foregoing Chapter, that the Effects of Forces are as 
the Products of the Maſſes by the Squares of the Velocities. 


The Motion of the Body R, in both Caſes was the fame ; 


and although, in the firſt Caſe, it ated upon the Body 8, with 
a greater reſpective Action, yet in the ſecond Caſe it communicated 
to it almoſt a triple Force: nevertheleſs we demonſtrate that all 
Things agree well together. 

The reſpective Velocity was double in the firſt Caſe, and the 
Velocity communicated double ; for in this Caſe S acquired two 
Degrees of Velocity, and in the ſecond Caſe only one. 

The reſpective Velocity doubled gives the reſpective Action, 
which is as the Square of the reſpective Velocity, that is, quadru- 
ple; in the firſt Caſe alſo ſuch a Cavity is diſcovered, it it be 
compared with the Cavity in the ſecond Cale. 

Theſe Things relate to the reſpective Motion, let us now con- 
ter the Motions themſelves of the Bodies. 

In both Caſe, before the Stroke, R had the Force 200*#. In 


999- 


1000. 


1001. 


100252 


1 * h 2 2 . 
the firſt Caſe, after the Stroke, it had the Force 8 remaining, 757. 


therefore it loſt 192. 


In 
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934.985. 


Þ+ 934, 985. 


* 712. 


* 934- 
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In the ſecond Caſe, after the Colliſion, it had the Force 72 re- 


maining; and it loſt 128. 


In the firſt Caſe the Force, deſtroy'd in making the Cavity, i 
160*; and the Body R communicated thirty-two Degrees of 


Force to S. In the ſecond Caſe R indeed loſt leſs Force, only 40 De. 


grees were deſtroy'd in making the Cavity + ; therefore it commu- 
nicated the Force 83 to 8. 

The whole Effects are proportional to the Forces, deftroy'd by 
acting“. For this Reaſon when a Body by acting produces many 
difterent Effects, all together muſt be conſidered, if we would 
from theſe determine the Force, which the Body has loſt by 
acting. 

A Boch in motion, may communicate motion to another Boch, 


without ſtriking, by acting upon it by Preſſure only; in which 
Caſe, if the Preſſure, whereby the Parts cohere together, over- 


comes the mutual Preſſure of the Bodies, there is no Introceſſion 
of the Parts, and no Force deſtroy'd * And therefore the Sum of 
the Forces before and after the Action is the ſame. | 

But that we may demonſtrate how Bodies in motion, may 
communicate Motion to other Bodies, by a Preſſure upon them, 
without ſtriking, we muſt conceive a Body Q, which is formed by 
the Revolution of the Figure abc d, which is terminated by a 
Semi-circle and two Quadrants, round the Axis ac. 

Let this be at reſt, tho' the Demonſtration may be applied to a 
Body in motion alto ; let us farther conceive the two Bodies P, P; 
we conceive two, that the Action on the Body Q may be direct; 
the Reaſoning is the ſame, as if we had to do with one only; 
let theſe be moved with equal Velocities, in Directions parallel to 
each other, and to the Axis of the Body Q; let them alſo be mov d 
io, that when they come to Q, the Surface of the Body Q may 


touch the Bodies P, P, in Points, in which this Surface 1s parallel 


to the Direction of the Motion. Therefore the Bodies P, P, ex- 
ert no Action on the Body Q, in the Moment in which they come 
to it : whilſt they continue their Motion along the hollow Surfaces, 
a d, a b, they preſs the Body Q, which not being retained yields, 
and whilſt the Preſſure is continued, Q is accelerated, as long as the 
Eodies P, P, remain applied to Q * ; but they forſake it, when the 
Bodies P, P, come to the Points & and d, in which the Directions 0! 
the Motions of the Bodies P, P, are perpendicular to the firſt Di- 
rection, in which they came to the Boy Q. T ſhall explain in . 
4 


2 
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I: Scholium of the tenth Chapter of this Book, how we may de- 
termine the Velocities of theſe Bodies. 

This Preſſure exerts no Effect beſides the Motion, which it 
communicates to the Body Q ; and therefore the Bodies P, P, loſe 
ſo much of their Forces, as the Body Q acquires *. In theſe we * 709. 
ſet afide the Friction, which cannot be given without ſome Intro- 
ceſſion of the Parts; and therefore without a Deſtruction of the 
Forces. But in Scholium 3, of Chapter 10, of this Book, we 
determine theſe very Motions after the Concourſe. 


together with a ſufficient Stiffneſs, ſo as not to yield to this Action, © © 
the Velocity of the Body will not be changed ; in this Caſe the 
Preſſure of the Body upon the Obſtacle is indeed deſtroy'd, by 

the Reſiſtance of the Obſtacle ; but as there is no Introceſſion of 

the Parts, nor Force communicated, the Force of the Body P is not 
diminiſhed ; thus a Body, which deſcends along an inclined Plane, 

s accelerated in the fame Manner, as a Body that falls freely, if 
they both deſcend to the ſame Depth *; tho' the firſt preſſes the 39;. 
Plane. In theſe Caſes, that which retains the Obſtacle in its Place, 

WJ deſtroys the Action of the Body, and communicates a Force to the 
Body equal to that, which the Body loſes by its own Action; 
wvherefore the Force of the Body is not changed, with reſpect to the 


Quantity. 


Lirection is varied; for the Motion in a certain Direction is not a 
Motion in another Direction. Whilſt the Body P runs through the 
Nurve ABC, in each of the Points it loſes a ſmall Part of its Force, 
Ind acquires an equal Force in another Direction; but when, by a 
Fontinual Inflexion, the Direction changed, makes a right Angle with 
He firſt, the Motion of the Body has nothing common with the firſt 
Motion, and has loſt its whole Force, and acquired a new Force, 
ual to the former. | 


Hence it appears, that by the Action of a Body its Force, and 1007. 


ee Velicity, is not diminiſhed, without a Motion of the Obſtacle 


%, or the Parts that conſtitute it, ariſing from this Action. 


m hinder all tremulous Motion in Machines, and Agitation of the 
Ats ariſing from thence; for by theſe the Labour in the Uſe of u 
chine is encreaſed, and the Machine itſelf, in a ſhort time, 


begomes unfit for the Uſe for which it is deſigned. 
* . H h S CO- 
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If a Body as P, preſſes an Obſtacle, with a ſimilar Action, which 1005. 
is not moved by this Preſſure, as AB C, and whoſe Parts cohere I XXXV. 


But if we conſider the Force itſelf, it is really changed, whilſt the 1000. 


Mechanics ſhould have regard to this Propoſition, that they ; 99% 
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liſt Scholium of the tenth Chapter of this Book, how we may de- 
termine the Velocities of theſe Bodies. 

This Prefſure exerts no Effect beſides the Motion, which it 
communicates to the Body Q; and therefore the Bodies P, P, loſe 
ſo much of their Forces, as the Body Q acquires *. In theſe we * 709. 
ſet afide the Friction, which cannot be given without ſome Intro- 
ceſſion of the Parts; and therefore without a Deſtruction of the 
Forces. But in Scholium 3, of Chapter 10, of this Book, we 
determine theſe very Motions after the Concourſe. 


If a Body as P, preſſes an Obſtacle, with a ſimilar Action, which 1005. 
is not moved by this Preſſure, as AB C, and whoſe Parts cohere P. XXXV. 


together with a ſufficient Stiffneſs, ſo as not to yield to this Action, © © 
the Velocity of the Body will not be changed ; in this Caſe the 
Preſſure of the Body upon the Obſtacle is indeed deſtroy'd, by 
the Reſiſtance of the Obſtacle ; but as there is no Introceſſion of 
the Parts, nor Force communicated, the Force of the Body P is not 
- diminiſhed; thus a Body, which deſcends along an inclined Plane, 

is accelerated in the fame Manner, as a Body that falls freely, if 
they both deſcend to the ſame Depth *; tho' the firſt preſſes the · 393. 
Plane. In theſe Caſes, that which retains the Obſtacle in its Place, 
deſtroys the Action of the Body, and communicates a Force to the 
Body equal to that, which the Body loſes by its own Action; 
wherefore the Force of the Body is not changed, with reſpect to the 
Quantity. 

But if we conſider the Force itſelf, it is really changed, whilſt the 1006. 
Direction is varied; for the Motion in a certain Direction is not a 
Motion in another Direction. Whilſt the Body P runs through the 
Curve AB C, in each of the Points it loſes a ſmall Part of its Force, 
and acquires an equal Force in another Direction; but when, by a 
continual Inflexion, the Direction changed, makes a right Angle with 
the firſt, the Motion of the Body has nothing common with the firſt 
Motion, and has loſt its whole Force, and acquired a new Force, 
equal to the former. 

Hence it appears, that by the Action of a Body its Force, and 100 
therefore Velecity, is not diminiſhed, without a Motion of the Obſtacle 
Itſelf, or the Parts that conſtitute it, ariſing from this Ati. 

Mechanics ſhould have regard to this Propoſition, that they j 29% 
may hinder all tremulous Motion in Mackines, and Agitation of the 
Parts ariſing from thence; for by theſe the Labour in the Uſe of 1 
Machine is encreaſed, and the Machine itſelf, in a ſhort time. 
becomes unfit for the Uſe for which it is deſigned, 
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SCHOLIUM I. 
The Demonſtrations of N. 961. 985. 


E T there be two Bodies A and B; let the Velocity of this be 4, the 
Celerity of that a; the reſpective Velocity, if they are carried towards 
contrary Parts, is a +b*; we call this d. The Sum of the Forces is 
Aa a ＋ BDO, which, the reſpective Velocity remaining, we ſaid was the 
ſmalleſt of all, putting A: B:: : at, that is, Aa Bb. 

For ſuch Velocities being given, let a be increaſed by any Quantity e; 
the Force of the Body A will now be Ava +2 Age Tee. The Velo- 
city of the Body B, becauſe the reſpective Velocity remains 4 = a + }, 
will be — e; for a+e+b—e=a—+6; therefore the Force of the 
Body B will be B&4—2 BV Bee, and the Sum of the Forces is 
Aaa+Bbb+Aeeb+Beet2Agae—2Bbe. 

But by reaſon of AA B the two laſt Terms mutually deſtroy each 
other, and the Sum is equal to Aa a ＋E B4b+Azee+Beer, which ex- 
ceeds the firſt, It is a like Demonſtration, if the Velocity 2 be encreaſed, 
the ſame . being diminiſhed, by the Velocity 4; whence appears 
the Demonſtration N. 961. 

We put A: B:: 4: 4; by Compoſition A +B:B::b+a=d4:s; 


B 4 Ad 
therefore a = 1 in like Manner 5 = TB therefore the Sum 


B BAd ATB AAA Ad 
of the Forces A aa +Bbb= 1 — nu by dividing the Nu- 


B TA 


merator and Denominator by B-+ A this Quantity is equal to 5 _ 


as we obſerved in N. 985. 


SCAHOLIUM II. 
The Algebraick Demonſtrations of N. 988. 990. 


F. have demonſtrated geometrically the Rules of N. 988. 990. 
theſe are very eaſily deduced algebraically from the Propoſition of 
Number 987. 

Let the Body A be moved with the Velocity a; the Body B moved 
with the Velocity þ: the reſpective Velocity is a — b, if the Bodies tend 
towards the ſame Part“; this is deſtroy*d by the Stroke +, ard is the 
Sum of the Changes in the Velocities of the Bodies after the Stroke. B 
1s to A, as the Change of the Velocity in A is to the Change of the Velo- 
city in By; and by Compoſition, the Sum of the Maſſes A + B is to 3, 


as the Sum of the Changes a — þ is to the Change of Velocity of the 


Body 
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Body B, which Change therefore is HE When the Velocity J is leſs 


than the Velocity a, it is encreaſed in the Percuſſion : therefore the Velocity 
of the Body B, that is, the Velocity of each Body“ after the Stroke, is * 931 


As—Ab __ Betas, is had in N 

IE X+8 A+ * 

The reſpective Velocity being put @ + 5, namely the Bodies 1012. 
tending towards contrary Parts “, by a like Way of reaſoning the Rule of * 919. 
N. 990. is diſcovered. ; { 

Both theſe Rules concerning the Colliſion of Bodies, may be alſo de- i! 
duced from what has been demonſtrated, about the Quantity of the Force ( 
loſt * ; which Demonſtration I will here ſubjoin, that the Strength * 985, 1010. 
of thoſe Things, which are demonſtrated above about innate Forces, | 
may appear more clearly; whilſt from them, by Ways intirely different, 
we deduce the Rules confirmed by Experiments. 

Let there be again the Bodies A and B; the Velocity of this þ, of that a; 1013. 
let them tend towards the ſame Part, and the reſpective Velocity will be 
a — b, 


The Sum of the Forces before the Stroke is Aa a BB; the Forcede- * ;;-. 


ſtroy'd by theStroke 5 —— A. + ; by ſubtracting this + 985. 1010, 

from the Sum of the Forces, we have the Force remaining after the Stroke 

AAaa-+2ABab+BBbb 
Ar- 

Stroke“, and the Maſs is AB, by which if we divide the Force remaining af- 

ter the Stroke, we have the Square of the Velocity after the Colliſion; which 


. AAA T2 ABab + BBbb Aa+B54 
Square therefore is = — ; 
A a + B' 
Aa EB 5 


whoſe Root B gives the Velocity ſought. 


1 
AZ 
) 
k 
A 
*14 
| 
40 
4 
1 
* 


the Bodies are not ſeparated after the » ,,, 


It the Computation be made, the reſpective Velocity a+ 6 being applied, J 
the Rule of N. 990. is diſcovered. F b WIE 28 
The Quantity of Motion, which is ſuppoſed to follow the Proportion of 101 6. 
the innate Force, is commonly determined by multiplying the Maſs, not 
by the Square of the Velocity, but by the Velocity itſelf ; from this Prin- 
cipic, Philoſophers have deduced thoſe very Rules of N. 988. 990. which 
we, by various Methods, have deduced from our Principles. Something 
ſtrange happened here; Error was the Deſtruction of Error, and a double 
Error led to the Truth; they followed a falſe Principle concerning the 
Meaſure of Forces, and which is allo little agreeable to Truth, they ſup- 


poſed the Bodies to loſe no Force, by preſſing the Parts inwards, and over- 
coming thar Coheſion, 


H h 2 SCHO- 


3 
5 
A 


1016. 
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SCHOLITU MM III. 


A geometrical Demonſtration of the Changes, which happen in the 
Forces of Bodies, during the Calliſion. | 


E T there be a Line AF, and one perpendicular to it AD, in ; 
Point A taken at pleaſure. 

In this Perpendicular, I put A D, and AC, which are to one another 
as the Velocity of two Bodies concurring, which are called M and N; there 
are two Caſes given; 1. Of Bodies tending towards the ſame Part, 2. Of 
Bodies carried towards contrary Parts: in the firſt Caſe I fuppoſe C and 
I), at the ſame Part of the Point A (Fig. 3.); in the ſecond Caſe the 
contrary (Fig. 4.). 

In the firſt Line A F, I alſo mark two Parts, A B, Ag, which are as 
the Maſles of the ſame Bodies M, N; in the ſecond Cale at the ſame Part 
of A (Fig. 1.), in the firſt the contrary (Fig. 2), as the Figures ſhew, 
Through the Points B and C, I draw a Line, which I produce indefi- 
nitely at the Part of g. I alſo join together, the Line being drawn, the 
Points C and g, in the firſt Caſe; in the ſecond I apply the Line cg, AC, 
and Ac, being ſuppoſed equal; DF is drawn parallel to Cg, or cp, 
through D; which alſo mult often be produced beyond F. 

By ſuch a Figure we determine all Things, which happen in any peculiar 
Colliſion whatſoever. 

We have the Triangles BAC, D AF, which are to one another, as 
the Forces of the Bodies M and N in the Moment of the Concourſe. For 
theſe Triangles are to one another in a Ratio compounded of the Bales 
BA and A T, and the Heights AC, AD“; the Bales BA, AF, are 
in a Ratio compounded of the Ratios of B A to Ag, and Ag to AF; 
the firſt is the Ratio of the Maſſes M and N; the ſecond is the Ratio of 
the Velocities AC, AD; therefore the Baſes are, as the Products ot 
every Maſs by its Velocity: if every Product be multiplied again by the 
ſame Velocity, we have the Ratio of the Triangles, which will be as the 
Forces Þ. 

The Change, which happens in the Velocity, anſwers, in this Figure, to 
the correſponding Change of the Force itſelf. Let the Velocity be 4c, 
this being drawn paralle] to AC; the Force will be as Bea; for the ſimi- 
lar Triangles BC A, Bea, follow the duplicate Ratio of the homologous 
Sides AC, ac“; and the Forces of the ſame Body M follow the dupli 
cate Ratio of the Velocities AC, ac. 

The Velocities of both Bodies are chang'd during the Colliſion; in that 
Moment, in which the Velocity of the Body M is c, the Velocity of the 
Body N is da; for the Changes of the Velocities, which happen in the 
ſame Time, are to one another in an inverſe Ratio of the Maſtes *, which 
takes place in this Figure “. 58 
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ſe Changes are co, dp; Co, Dp, being drawn parallel to A B. 
By of = fimilar Triangles Cor, ABC; and allo the ſimilar ones 


DD AC e8:08C::CA:AB 

Dp = oC:dp::Ag:CA; | 
Therefore ex £quo, perturb.*, co:dp:: Ag: AB; that is, as N is to M, 
or inverſely as the Maſſes. ny ; 

What remains, belonging to this Colliſion, now alſo eaſily appears. The 

Force which the Body M acquired, or loſt, is AC ca; the Force 
which N loſt is AD 4 @ 3 the Force deſtroy'd, by the mutual Action, in 
making the Cavity, 1s CD4c; to which the Cavity itſelf hitherto made 
is proportional“. 
6 All cheſe Things are ſo, whereſoever the Line p a is drawn, between A 
and e; for the mutual Action of the Bodies ceaſes in E, by the Interſection 
of the Lines AB and D F, and Ee determines the Velocity, with which 
both Bodies are carried together after the Stroke. 

The Force of the Body M is then, B Ee; the Force of the Body N is 
'EeF ; the Force deſtroy d, which is proportional to the whole Cavity *, 
is repreſented by the Surface D E C. ; | 

It appears alſo, the Line f / being drawn a little diſtant from p a, that 
the Changes of the Forces, during the mutual Action, in any Moment infinitely 
ſnall, are to one another, as the Velocities of the Bodies are; and that the Force 
deſtroy'd is to the Change of Force in one of thoſe Bodies, in the ſame Mo- 
ment, as the reſpective Velocity is to the Velocity of the ſame Body, in that very 
inſtant. 


SCHULAIUM IV. 


Of comparing together the Times, in which Percuſſions are made, 
and the Changes of the Forces, and Velocities, which happen in 


certain Times, 


HAT was demonſtrated in the Scholia of the foregoing Chapter, 
VV. concerning the Tunes, in which Cavities are made, may be ap- 
pied to Colliſion, if the Surface of one Body be plane, and ſoft, but the 
other be made up of Parts, which don't yield in Colliſion, as in the Experi- 
ment of this Chapter; and this Body has any one of thoſe Figures, which 
we treated of in the foregoing Chapter. | 

That this Application may be made, we ſhould attend to this ; that the 
Laws, which relate to the Formation of Cavities are not changed, when 
the Velocity and Magnitude of the Cavity are changed; by theſe the Times 
NG wy varied, but the Decrements of the Velocities are ſubject to the 

me Rules. | 
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In Colliſion the reſpective Velocity is that, whereby the Cavity is mace. 
but this may be varied according to the Diverfity of the Maſſes, the te. 
ſpective Velocity remaining; but there are no other Differences, that can 
alter the Time. Whence we conclude, That what is demonſtrated concerniy- 
ftriking againſt a fixed Obſtacle, may be referred to Collifion, if inſtead of tj, 
Velocity of the Body ſtruck againſt the fixed Obſtacle, we make uſe of the 
reſpective Velocity in the Colliſion; and inſtead of the Cavity, which is made 
in the fixed Obſtacle, we pur the Cavity made in the Colliſion itſelf, 

This firſt Cavity is as the Product of the Square of the Velocity by the 
Maſs *; the ſecond is as the Product of the Square of the reſpective Velo. 
city by the Product of the Maſſes, divided by the Sum of them ; there. 
fore, as inſtead of the Velocity itſelf we make uſe of the reſpective Velo. 
city, ſo alſo inſtead of the Maſs we muſt make uſe of the Product of the 
Maſſes divided by their Sum. 

I am perſuaded that this general Demonſtration illuſtrates the Thing 
ſufficiently ; but if any one ſhall apply each of the peculiar Demonſtrations, 
given in the Scholia of the foregoing Chapter, to Colliſion, he will find. 
that each of the peculiar Solutions always leads to this general Rule. 

I will add ſomething farther, which relates to Colliſion only, and indeed 
thoſe Caſes only, in which the Part of a hard Body, which runs againſt a 
ſoft Body, is cylindric z and we ſuppoſe the Cylinder to be a right one, and 
the Direction of its Motion to agree with its Axis, and the ſtriking to be 
direct, as before, and the Surface of the ſoft Body to be plane. Let M 
be the Maſs of the firſt Body; N of the ſecond ; let the reſpective Velocity 
be called 7 : as long as we conſider the ſame Cylinder, the Time in which 


MN 
the Cavity is made, is as MIN *, During this Time the Velocity 


decreaſes uniformly ; that is, in each of the Moments, infinitely ſmall, and 
equal, the Diminutions of the reſpective Velocity are equat; the Circumſtances 
mentioned being laid down . But this Diminution is the Sum of the Changes 
of the Velocities of both Bodies concurring, and theſe Changes are in a con- 
ſtant inverſe Ratio of the Maſſes t; therefore theſe Changes alſo, in equa! 
Times, are equal, each Body being conſidered ſeparately. 

We have the whole Changes in the Velocities of the Bodies M and N, 
by dividing r in the inverſe Ratio of the Maſles * ; that is, the Change tor 


Ny 


M is MEN The Time, in which this happens, is the very Time, in 
N 
which the whole reſpective Velocity is deſtroy*d, which is as M x TT Ti 


therefore the Time, in which the Velocity of the Body M is changed, fol. 
lows the Ratio of the Change itſelf of this Velocity, if the Mals M re- 
mains, the reſt N and 7 being varied at pleaſure; and therefore in equal 
Times, in different Colliſions, the Changes of the Velocitics are equal. 
Therefore, if a Body, cylindrically terminated, being moved acccrding !“ 
the Direction of the Axis of the Cylinder, ſtrikes directiy againſt a /oft, aud 
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plane Surface, of any moveable Oacle whatſoever, what Magnitude ſoed er 
this has, and with whatſoever Velocity it be moved, if the Coheſion of the 
Parts be the ſame, ihe Body ſtruck, will loſe an equal Velocity, in an equal 
Time, with whatſoever Velocity it is projetted. 

In this ſame Caſe, the Change of the Velocity, which the Obſtacle undergoes, 1035 
is the ſame always, in equal 7. ame. If the ſame Obſtacle remains; the Maſs of ; 
the Body ftruck, and the Velocities, whether of the Body, or Obſtacle, being 
varied any how, but the ſame Cylinder being kept; for the Demonſtration 
N. 1033, may be referred to either Maſs, 

But we may conſider the Thing more generally, the Cylinder itſelf be- 
ing allo varied, whoſe Diameter we call 4. If the Body ſtruck be M, and 
v its Velocity, and it loſes its Force by acting upon an immoveable Ob- 


1 „ i 
ſtacle, the Time in which it loſes it is as 75 * ; if, the Body ſtrikes a- 


gainſt a moveable Obſtacle N, and the reſpective Velocity be 7, the Time 


MN -r 


will be, as MN The Change in the Velocity of M, which + 1027. 


* 889. 


. 8 N r- i 3 8 : 
happens in ſuch a Time 1s NM J! If this Quantity be given, it || 1033. 


M : 
may be expreſſed by Unity ; then 7 = ney is changed, and 71 


and the Time, in which any determinate Change whatſoever happens in 1036. 


the ſaid Velocity of the Body M, is as 21 and in this very Ratio, but 


inverſe, is the Change of the Velocity in a determinate Time, namely as ci ; 
that is, it is direly as the Baſe of the Cylinder, or as the Surface, in which 
there is given a mutual Application of the Bodies, and inverſely as the Maſs 


of the Body itſelf. But the Change of Velocity of the Obſtacle itſelf is as 
dd 5 | 
F which is evinced by a like way of Reaſoning, and alſo follows from 


N. 987. 

It we ſuppoſe the Moments infinitely ſmall, and equal, we may compare 
the Chauges of the Forces, and Increaſes of the Cavities in any one deter- 
mined Moment of theſe; any different Colliſions whatſoever being given. 

The Increaſe of the Cavity is as the Baſe of the Cylinder, and as the 
reſpective Velocity in that determined Moment, as is manifeſt; therefore 
this Increaſe is as ddr ; which ſame Proportion the Force deſtroy*d in this 
very Moment follows“; but this is to the Change of Force, which any one + g 40. 
of the concurring Bodies undergoes in the mean Time, as the reſpective 
Velocity is to the Velocity of this Body +. If we call this v, we have r is + 1024- 
tO d, as ddr is to the Change of wich we are ſpeaking ;z which is equal 

| 0 
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to d d v. Therefore in general it appears, that in all Collifion, the Change 
of the Force of a Body, in a determinate and infinitely ſmall Moment, fillous 
the Ratio of the Surface, in which there is given a mutual Application, 1; 
alſo of the Velocity of the Body, whatſoever Maſs this has; the Magnitude 
and Velocity of the Obſtacle, being alſo varied at pleaſure, | 

But if we have regard neither to the Colliſion, nor to the Time, we de. 
monſtrate an univerſal Propoſition, concerning the infinitely ſmall Change 
of the Force of a Body. 

Let there be a Triangle ADE ; its Surface is changed, a Parallel tg 
DE being drawn, as the Square of the Line AD, or the Line DE +, 
therefore, if either of theſe Lines repreſents the Velocity of the Body, the 
Surface will repreſent the Force, as long as the Maſs is the ſame “*; if this 
differs, the Surface will be ro be multiplied by the Maſs of the Body. 

Now let de be parallel to D E, removed to a Diſtance from this inf 
nitely ſmall ; the Surface D E de, multiplied by the Maſs, repreſents the 
Change of Force, when the Change of Velocity is D 4; and the :nfnitely 
ſmall Change of the Force, follows the Ratio of the Maſs of the Body, of the 
Velocity DE, and Change of Velocity, namely D d. 


SA . 


Of the Collifion of Bodies, which are made of various 
Bodies joined together : where we treat of the Center 
/ Percuſſion. 


LL Bodies conſiſt of Particles joined together; and all Bo- 

dies may be reſolved into ſmaller Bodies. But we call that 

one Body, whoſe Parts are moved together, their reſpective Situa- 
tion being ſo kept, that it is not diſturbed without applying an 


external Force. . 


In this Senſe a compound Pendulum is one Body only ; and 
the Percuſſion of two Pendulums is to be referred to the ſimple 
Colliſion of two Bodies. 

So alſo we refer to this the Percuſſion of Bodies, joined by an 
inflexible Right Line, and moved horizontally round a Center. 

Let us ſuppoſe the Bodies A and C, joined by ſuch a Line, 
moveable about the Point H; let the Bodies B and D allo be 
Joined in the ſame manner, and moveable about I. Theſe Bodics 
being moved, a different Percuſſion will be given, according as the 


concurring Places differ, tho' they are moved in the ſame . 
| | all 
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241. 


and always concur directly. We now ſuppaſe the Concourſe of 


the Bodies A and B to be direct. Theſe Bodies after the Percuſſion 
are moved with the ſame Velocity *, and are ſeparated for this 


Reaſon: only, becauſe the Lines are moveable about different Cen- 


. 


9.951. 


ters: but this Velocity is determined by a Rule, which J ſhall de- 


monſtrate in the firſt Scholium following. | 


| DEFINITION 1. 5 
I multiply every Body by the Square of its Diſtance from its Center 


of Motion; J collect into one Sum the Products of all the Bodies, ap- 
plied to the ſame Line, and I multiply this Sum by the Square of the 
Diſtance, between the other Center and the Point in which the Per- 
cuſſion is made. I ſhall call this Product the Number of the Center 
about which the Line is moved, | 

I multiply the Body A by the Square of the Diſtance A H ; 
C by the Square of the Diſtance CH; I multiply the Sum of 
theſe Products by the Square of the Diſtance IB. This Product 
gives the Number of the Center H. After the ſame manner the 


Number of the Center I is determined. 


I multiply. the Number of the Center H by the Velocity of the 


Point, in which the Percuſſion is made in the Line of the Center H, 
that is, by the Velocity of the Body A ; and 1 multiply the Number 
of the Center I by the Velocity of the Point, in which the Percuſſion 
is made in the Line of this Center, namely by the Velocity of the 
Body B; I collect the Produtts into one Sum, if the Bodies tend 
towards the ſame Part; but I ſubtract the leſs Product from the 
greater, if the Motions are contrary ; and I divide this Sum, or 
Difference, by the Sum of the Numbers of the Centers H and I, and 
the Quotient gives the Velocity ſought of the Point in which the Per- 
cuſſion 15 made. The reſt alſo, that belongs to this Percuſſion, 
we illuſtrate in the Scholium above-mentioned. | 

In theſe Agitations it is to be obſerved, that we ſuppoſe a free 
Motion about the Center; but that the Line is ſo retained there, 
as not to have the leaſt Motion communicated to the Pin, or 
Catch, whilſt the Bodies turn about it; leſt ſome Force be de- 
ftroy'd by this Action *. 

It is manifeſt that ſuch an Action is always given, at leaſt, by 
the centrifugal Force, that Caſe only being excepted, in which 
the Bodies are turned round a common Center of Gravity *. But 
beſides this, in many Caſes, there is alſo given another Action. a- 
. . I I i againſt 
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againſt the Catch in the very Moment of Percuſſion, which we ſhall 

| explain more diſtinctly in the compound Pendulum. 
| PlateXXXV., Let there be ſuch a Pendulum A DI, made up of the Bodies 
Fig. 4. A, and D, joined by an inflexible Line, turning about I: wht 

we ſay of two Bodies may be applied to more. 

104 If the ſaid compound Pendulum be rais'd, and left to itſelf, and 

4 when it has come to a vertical Situation, it runs againſt an Ob. 
flacle, which we ſuppoſe to be #mmoveable, the Bodies act diff. 
rently according as the Point, which flrikes againſt the Obſtacle, i, 
at a leſs, or greater Diſtance from the Center of Motion J. 

1049. But this Difference is to be ſought in the Preſſure itſelf, which 
the Pendulum exerts upon the Catch I, whilſt the Percuſſion 
continues; which Preflure is directed towards the one, or the other 
Part, according to the different Diſtance of the Point in which 
the Percuſſion is made. But the Point H may be ſo determin'd 
in a Pendulum, which acts, that there may be an Aquilibrium 
given between the Actions; and that the Percuſhon may produce 
no Preſſure againſt the Spring or Catch in I. In this Caſe, the 
Bodies loſe their whole Forces by Percuſſion, and the Pendulum 


is at reſt by the Stroke, though it is not retained in I, and is 
moveable about this Point. 


DEFINITION 2. 


—_ The Point, in a Pendulum, about which ſuch an Equilibrium ii 
m given is called the Center of Percuſſion. 
1051. We demonſtrate in the third Scholium, annexed to this Chap- 
2 that the Center of Percuſſion coincides with the Center of Oſcil- 
9 lar. tion *. . 
e, If the Percuſſion be made in ſome other Point, and the Pendu- 
>** lum be not retained at I, the Stroke wilt be leſs, and there will 
be a Motion of the Pendulum about the Point, in which the Per- 
cuſſion is given. 
1052. Neverthelefs, in this very Cafe we keep the Magnitude of the 
053. Stroke, if the Pendulum be ſo retained at I, that it cannot com- 
municate any Motion at all to the Catch itſelf, as we have ob- 
. 1046. ſerved above concerning another Motion &. For in this Caſe no 
t 1007. Force 1s loſt, by the Action againft I -; yet the Pendulum 1s at 
| reft ; therefore all the Force is deſtroy'd, by acting againſt the 
+ Obſtacle ; wherefore this Action is equal to that which is per- 
formed in the Percuſſion of the Center of Oſcillation, = 
| ence 


ö nt of Suſpenſion, but is retained at it, and can communicate 
4 Motion 2 1 2 the Catch, has no Center of Percuſſion; or rather, 
that all its Points are ſuch Centers, | 

This Propoſition is confirmed by ſome Experiments explained 
before, but more directly by this following one. 


EXPERIMENT. 


This Experiment differs from Experiment 4, of Chapter III“, 1055. 


only in ſome Circumſtances, which are to be obſerved in this, and * 837. 
are neglected in that. Namely, we fix the middle Curſor at the 
Center of Oſcillation ; that is, at the Point which is the Center of 
Percuſſion, when the Axis is not retained in the Holes. At the 


End of Scholium II. Chapter II. we demonſtrated 4, that this + 816. 


very thing obtains; if in our Machine the Diſtances of the middle 
Points of the Curſors from the Point of Suſpenſion be 12, 24, 29 
Inches; the other Things are performed, as in the Experiment 
mentioned; the Succeſs is the ſame ; that is, the Cavities are equal 
to each other, when there is the ſame Agitation of the Pendulum, 
which ſoever of the Curſors ſtrikes againſt the Clay. Therefore 
there is the ſame Action of the Pendulum ||, in theſe Caſes, and in | g,, 


this reſpect the Center of Percuſſion is not diſtinguiſhed from the 
reſt of the Points. 


SCHOLIUM L 


A Demonſtration of thoſe Things, which were mentioned in N. 1045, 


concerning the Percuſſion of Bodies, cohering together by ſtiff Lines, 
and moved round Centers. 


E T the Bodies A and C be joined together by an inflexible Line, and 1656. 
moved round a Center H; let there be alſo other Bodies B and D, pl. xxx. 


joined in the ſame Manner, and moved round I. Fig. :. 

| Let us ſuppoſe the Percuſſion of theſe Bodies to be direct. This . 
if there be a Stroke made by one of the Bodies ſticking to one Line with any 
of thoſe Bodies which ſtick to the other Line, as A and B. But the Stroke 
will be direct if thoſe Bodies run directly againſt one another; which cannot 
be, unleſs in the Moment of the Concourſe, the Lines with which the Bo- 
ies cohere, are parallel to one another. 

If, in the Moment of their running againſt one another, in which both 
odies are moved in the ſame Line, they be carried with a certain common 
Motion, they will not act upon one another by this Motion; therefore the 

king will depend upon he reſpective Velocity, which remaining, there is 
a 12 given 
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Whence we deduce, that à Pendulum, which turns freely about 1054. 


O—  _— 
_ — — - — 
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: 1949. 
| + 950. 


1057. 


® 10506, 


— 2 


Dddnn—2Dddne+Dddec 


| dividing this Equation by 4 40, we have Am + 


aN rn —2Bne— 
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given the ſame Introceſſion of the Parts “, and the ſame Force lift +, with 


whatſoever Velocities the Bodies are moved. | | 
It 4s manifeſt, that there is given a Caſe, in which Bodies, carried to. 


wards contrary Parts, are at reſt after the Stroke; and in this Caſe it i. 


alſo plain that, he reſpective Velocity being given, the Sum of the Forces ; 
the ſmalleſt of all; for the whole Force is deſtroyed, and a leſs Quantity 
can never be deſtroyed *: but I will ſhew what is the Ratio of the Vo. 
locitics in this Caſe. 

Let @ be the Diſtance of the Body A from the Center H, about which 
it is turned; and c the Diſtance of the Body C from the ſame Center. In the 
ſame Manner let & be the Diſtance of the Body B, and d the Diſtance of the 
Body D, from the Center I, about which theſe Bodies are moved. Fur 
ther let m be the Velocity of the Body A; and » the Velocity of the Body B 

In the Caſe, in which Bodies are at reſt after the Stroke, the Motions be. 


ing ſuppoſed contrary, we have m: n:: Bbb  Dddxaa: Aaa FT 


x bb; that is, Aaa+Cricxbbm= B24b+Dadxaan. 
For in His Caſe the Sum of the Forces, the reſpective Velocity remaining 


mu, is the ſmalleſt of all. 
| : Ceemm Dad dun 
The Sum of the Forces is Am m + _ + Bnxnu+ 75 ., 


for a: c:: m: — = the Velocity of the Body C; and 2: d: :: 5 


= the Velocity of the Body D. 
Let us now ſuppoſe the Velocity m to be increaſed by the Quantity e, 
and the Velocity x to be diminiſhed by the ſame Quantity, that the re- 
ſpective Velocity may remain; we ſhall fee that the Sum is greater. 
| mn ec. 
2 "0 
N ff om es 
* 
The Sum of the Forces will now be Am M 2 A Me Ae 
Cen m 2 Cec ner Cccee 
aa 


The Velocity of the Body A is now m e; of the Body C is 


of the Body B is 2 —e; and laſtly the Celerity of the Body D is 


+ BZA — 2Bxe + Bee. 


— du A Deen. 


5 6 


Bz4b+Dddxaan; for we ſuppoſe we have to do with this Cafe. Þy 


Cem Dads 
=-D * 


| | bp 
therefore in the laſt Sum of the Forces theſe deſtroy each other, namely 


2 Cecme ee, and the Sum 1s re. 


" Quced 


hows f 
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Ses. ö 74. 


a a 


duced to this AmmS+SAee+ 


1 Dddnn + 2. — which is greater than the firſt Sum mentioned. 


8 

deiher is the Demonſtration different if » be increaſed, the Velocity 
m being diminiſhed. 

We demonſtrate in a ſhorter, and more direct Way, this very Pro- 1061. 
poſition, that Bodies are at reſt, if the Velocities have the Ratio men- 
tioned &; for we deduce in general from what is ſaid before +, that Bo- 1055. 
dies carried towards contrary Parts, and concurring, loſe their Forces in ' ” 
equal Times, and therctore are at reſt by the Stroke, if the Velocitics in 
the Points, in which they exert Actions, that is, in the Points in which 
they concur, are to one another as the Forces to be deſtroy'd. There- 


Ceomm 85 Dad dun 
oo" b 3 = 


aa 
Whence follows Aa a + Cocxbbm = Bbb+Dddxaan. QD. EX. 1058. 
The Force deſtroyed in any Colliſion whatſoever may be determined, the 1062. 
reſpective Velocity being given, {or it is equal to the Sum of the Forces in 
the Caſe in which this is ſmallett “. Let it now be m +# = x. | ® 1056. 
The Ratio between mz and u is given , and by Compoſition Aaa+Ccc , gs. 


xb4b6+ Bbb+Dddxaa:Aaa+Ccicxbb:cmbEtnm=r:n; 
therefore n= — AeetCocxopr 
Aaa+Cicxbb+ Bb b+D ddxaa 


Manner we diſcover m = — . — 
Aaa+SCcicx bb +Bbb+Daddxaas 
Sum of the Forces is — . mY 1 *, by ſub- * 1-6. 


a a bb 
_ Rituting inſtead of m and u, the Values, this Sum will be 


AaatC ecxBbB+Dddxaarr+Bbb +D dixAaat Cer xBbrr 


F A 4 a+Criixbb+ B33 +Dddxas 

By dividing the Numerator and Denominator by Aaa + Cc X24 
8 _ 55 "IJ b q 1 
Bob +Dddyas; wr hav ESSE gots 

3 | Aaa+Cccxbb+ Bbb+Dddxaa, the 1062. 
Force loft, the reſpettive Velocity r being given. 
p at we may now demonſtrate the Rule delivered in Ne. 1045, we 6 
uppoſe a Point to be given, which is moved with the ſame Velocity, with 1004. 


which the Bodies are carried after the Stroke, before the Separation, and 
according to the ſame Direction. 


—— 5 — — — — 
= — — — _ — — — 


fore in this Caſe it is m: :: A m m 


- — —äñä ³ ſ——— — ĩ7˖＋ uͤhk ee 
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With reſpect to this Point the Bodies are at reſt after the Stroke there 
fore in reſpect of that, before the Stroke, they were moved wich oi 
trary Velocities in the Ratio of B þ þ + Daddxaato Ana TC 
and they loſe theſe Velocities, w hen they are at ret after the Stroke i 
reſpect of this Point; wherefore theſe very Velocities are the Charges 
which happen in the Velocitics from the Stroke, which Changes there1gr. 
are in the ſaid Ratio, and by compoſition Aaa+Ceccxbb+ BB3FD7; 
X 4 a is to Aa a ＋ Ccex bb as the Sum of the Changes, that is, as the 
reſpective Velocity, is to the Change in the Velocity of the Body B. 

Now if the Velocity of the Body A be called p; and q the Velocity of 
the Body B, this being put leſs; the reſpective Velocity will be p — q, if 
the Motions be directed towards the ſame Part; and the Change of the 
Velocity of the Body B, is diſcovered 
Aaa+Cicxbbp—Ana+SCriicxbbg 0 : 

Ne TTET GG; » Which Change is the Velocity 
acquired; becauſe the leis Velocity is increaſed in conſpiring Motions : 


wheretore if it be added to the Velocity q we have the Velocity of both 
Bodies after the Stroke; which therefore 7s 


Aaa+Cccxbbp+Bbb+Dddxaaq 

Aaa+Cccxbb+ Bbb+Dddxaa 

If the Motions be directed towards contrary Parts, the reſpective Ve- 
locity is p +9, and the Velocity after the Stroke is diſcovered by a like 


way of reaſoning AgatCccxbbp—Bob+tUddxaay 


„ namely the 


Aaa+Ccicxbb+ Bbb+Daddaxaa 


leſs Product in the Numerator being ſubtracted from the greater. 

It plainly appears that it matters not whether in this Colliſion the Bodies, 
which are joined to the ſame Line, are given at the ſame Part of the Cer- 
ter, about which the Line is moved, or at different Parts; for the Body 
is moved in the fame Manner, on whatſoever Part of the Center it be 


given, if the Diſtance from it be the ſame: it is alſo manifeſt enough, that 


the centrifugal Force, whereby Bodies endeavour to recede from the Cen- 
ter, and the Actions which they exert upon the Catches, whilſt they con: 
cur, ſhould not be conſider'd here *. 

Theſe Demonſtrations may be applied to any Number whatſoever of Bo- 
dies, and univerſal Rules may be cafily drawn from what has been demon- 
ſtrated. | 

We fee alſo what obtains, if a Bodv, moved in a Right Line, ru" © 
gainſt another direfly, which together with others adberes to 4 Right Line, 
moveable about a Center; for that Body, moved in a Right Line, acts a5 
if it adhered to a Right Line, moveable about any Point whatſoever. : 

Let the Bodies A and C be at reſt in à and c. whilit they are moveab!: 
about H as before. Let us ſuppoſe B, or b, moved in a Right Line, 


to run againſt a, with the Velocity 3, directly, and perpendicular 3 


. 


35 lr — 1 * 
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H; we diſcover be Velocity after the Strebe by the foregoing Rule, For 

I ſuppoſe B to be joined to the Line, and to be moved about the Center at 

any Diſtance b. In this Colliſion p, and D, are equal to nothing; there- 

fore the Quantities vaniſh, which are multiplied ; theſe, wherefore the 
Bbbaaq 


2 8 i 3 
Rule mentioned *, is changed into this rea- : ® Ic6g. 
B44 9 


Aaa I Cc c+ By 35 from whence we deduce his Rule. A Body, which 


ſtrikes againſt another, is mulliplied by the Square of the Diſtance of the 

Point, againſt which it runs from the Center, and by its Velocity; and this 

Product is divided by the Sum of all the Bodies, of every one multiplied by 

the Squares of their Diſtances from the Center. | 

The Propoſitions of N“. 962. 985. 987. 988. 990. are peculiar Caſes 1070. 

of the Propoſitions demonſtrated in this Scholium in Ne. 1058. 1063. 1064. 

1065, 1 as appears, if we ſuppoſe two Bodies, which are joined to. 

Lines, moveable about any Centers whatloever. 


SCHOLIUM II. 


An Examination of the Experiment made on Bodies ſtriking againſt 
a Scale, or Arm of à Balance. 


on falling Bodies; and have obſerved that a Body, ſtriking a- 
gainſt the Arm of a Balance, raiſes another Body a little, whoſe Weight 
is pm that is put in the oppoſite Scale; and that Bodies are thus 
raiſed to a ſmall, but equal Height, (which Circumſtance nevertheleſs 
Merſennus does not obſerve) if the Body, which ſtrikes againſt the Beam 
with a Motion acquired in falling, falls from Heights, which are as the 
Squares of the Weights raiſed. 

Vet Merſennus takes notice, that the Experiment did not anſwer in cer- 
tain Circumſtances; which happened to me alſo, who made the Experi- 
ment in a ſomewhat different Manner; I attributed this. to the Defect of 
the Machine, and 1 thought the Defects, which I found in the Machine, 
of leſs detriment in thoſe Heights only, in which*I found the Rule to hold 
500d with ſufficient Exactneſs. But when I examined the Affair, I found: 
| had quite miſtaken the Matter; and that it was repugnant to thoſe very 
'rinciples of Mechanicks, about which all are agreed, that there is given 
the P roportion mentioned between the Squares of the Weights raiſed, 
br * given between the Heights, ſrom which the Body falls, which 

F _ 2ganlt the Scale, or oppoſite Arm; and I could not doubt but it 
ys be attributed to the defect of the Machine, if this Proportion were 
"DI diſoovered within certain Limits, as it had always happened to 

e. I confeſs there would be no ſenſible Error, if the Weight of the 


2 Body. 


Mesa de Lanis, and others, have given an Experiment made 1071. 
Oo 


218 


the Experiment could not be made; ſor a great Weight cannot be 


Mathematical Elements Book II. 


Body falling, and that of the whole Balance, that is, of the Beams and 


Scales, were very {mall in reſpect of the Weights raiſed : but in this Caſe 


« fall Bram. W 


But that, what relates to this Experiment, might appear more clearly, [ 


took care to have a Machine made, whereby the Experiment is made, az 


exactly as can be, and altogether without any ſenſible Error; and after 
the Experiment was performed, I made my Computation about it. 


4311 ANCE, whereby the Heights are compared, from which a 


1072. 
Plate XXXV. 
Fig. 4. 


1073. 


Body falling, raiſes Weights a little. 


AB is a Beam of a Balance; it is ſuſtained by a Foot, whilſt it turns 
about a Center, as in other Balances : the Scale L is of Iron; the oppoſite 
one M of Wood, and round, made hollow one Inch deep. This, when 
the Experiments are to be made, is filled with ſoft Clay, which is ſcraped 
with a wooden Knite, in ſuch manner, that its Surface may be free from 
Inequalities, and horizontal; for which reaſon this Scale may be eaſily 
taken off, and ſuſpended again in its Place. The Diſtance B M exceed; 
three Feet, wherefore the Machine muſt be placed on the End of a Table. 

The Ball G 'hangs by a Thread, and is faſtened to a Hook joined 
to the Plate D. | 5 : 

The Weight Q is put into the Scale L, that there may be an Equili 
brium. Which Things being given, the Weight P to be raiſed by the 
Stroke is added; and that the Beam may remain horizontal, the Arm A, 
which is now loaded moſt, is ſuſtained by an Iron Gnomon, joined to the 
Foot. We may eaſily ſee that before putting on the Weight, P, the 
Machine muſt be ſuſtained by the Foot without the Gnomon, in order 
to make an Equilibrium. | 

To the Gnomon there is joined at F a thin elaſtick Plate Fg, which be- 
ing extended reaches to i, where the End g is retained, by help of. tte 
imall Plate i, joined to the Arm A. When the Arm is raiſed a little g 
let looſe ; whence it may appear that it is equally raiſed in various Tryals; 
if, namely, the Stroke being diminiſhed only a little, by which the Beam 
is moved, the Spring be not let looſe. 


| EXPERIMEN T, 

All Things being ordered, as has been ſaid, the Weight P of four 
Ounces being applied, I ſuſpended the Ball G fo, that its Height, name! 
the Diſtance between the lower Part of the Ball and the Surface of the 
Clay, might be 6 + Inches; the Thread being cut, the Plate F g was let 
looſe, by the ſtriking of the Ball: and the Experiment being repeated 
many Times, it ſucceeded in the ſame Manner; but the Height being di 
miniſhed, a quarter of an Inch, or even leſs, the Spring was never le 
looſe, by which ſame Method the following Heights were determined. 


The 
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The Weight P being doubled, the Height of the Ball was 14 Inches. 
Laſtly the Weight P being tripled, that is, being twelve Ounces, the 


Height was 23 + Inches. 


To all theſe Heights the Depths of the Cavities, made in the Clay by 
the Strokes, mult be added, and the Heights were, ſmall . Fractions being 
neglected, 7. 14 i: 23 4. re 

If, with this ſame Machine, the ſame Experiments be made, with 
other kind of Clay, the Heights may be varied a little. If the Clay be 
leſs ſoft the Cavities will be ſmaller, and the Heights above the plane 
Surface of the Clay greater, but the whole Heights the ſame, But if the 
Clay be more or leſs heavy, there will be a Difference, for, tho* by that 
the Matter to be raiſed be not changed, yet the Matter to be moved is 
changed, whence a Difference neceſſarily follows, as will appear more 
clearly by the following Computation. 

The Beam of the Balance is the Figure repreſented at AB, it is made 


hollow in the Parts A and B, as may be ſeen in Fig. 4; as to what re- Plate XXXV. 
Fig. 5. 


mains, it is every where of the ſame Thickneſs. 

By reaſon of this irregular Figure, the Computation would be very dif- 
ficult; therefore, the Weight of the Balance being kept, we conceive 
the Figure changed, ſome Parts being removed from the Center, and o- 
thers moved towards it: we ſuppoſe the Figure to be ſuch as is repre- 
ſented in Fig. 6, whoſe whole Length repreſents that, which is given in 
the Balance between the Points of Suſpenſion ; from which Change there 
can be only a {mall Error in the Computation. 

The Surface of this Figure, as the Balance is every where of the fame 
Thickneſs, may repreſent the Weight of the Balance, in all Parts. This 
Figure AB is made up of a Parallelogram, and two Triangles: the Tri- 
angles being joined, the Figure is reduced to that, which is repreſented in 
Fig. 7. which being aſſumed, I will make the Computation. 

This Computation will be of this Service, that it will thence appear, 
that my Experiments agree with what is demonſtrated about Percuſſion. 
But the Foundation of the Computation itſelf is had in N. 1069. 


Firſt of all, all the Points of the Surface AD F E B, repreſenting the PlateXXXV. 
Weight of the Balance, muſt be multiplied by the Squares of their Diſ- Fig. 7- 


tances from the Center of Motion reſpectively. This will be done with- 
Out a ſenſible Error, if inſtead of the Diſtances from the Center, the 
Diſtances from the Line C F be taken, whereby the Computation be- 
comes eaſter, 

If now the Operation ſor the Parall-logram be made, all the parallel 
Lin's, and equal to the Line D A, muſt be multiplied by the Squares of 
their Diſtances from CF; that is, all theſe Squares mult be multiplied 
by the ſame Quantity A D, or CG; that is, the Sum of the Squares mult 
be multiplied by CG: but the Sum of the Squares 15 a Pyramid, whoſe 
Baſe is the Square of the Line A C, and Height the ſame AC; which 


Pyramid is equal to + AC<*, This being multiphed by CG, we have * Fl 12 


5 CGxACx AC 1, the Sum of the Products of all the Points of the 


Vor. I. K k Paral- 
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— _ —  — — — — — — — — 


249 


1074. 


250 


1075. 


374. 


Mathematical Elements Book Il. 


Parallelogram D C, multiplied by the Squares of their Diſtances from 
CG. 

A like Sum, for all the Points of the Triangle D F G, is equal to . «f 
GFxACxA C9. Thoſe who are (killed in the more fubthe Part of Geome. 
try will eaſily diſcover this, and it would be of no Service to endeavour to 
explain it to others. By doubling theſe Products, we ſhall have a like Sun 
for the whole Figure ADFEB; and it is this 3 C G ACX ACA 
GF x ACXAC =bxA Ct; by putting 6<35CTGxAC+41GFxAC 

Theſe Things being laid down, let a be called the Height, from which 
the Ball is let down; and the Velocity, acquired by falling, with which the 
Ball runs againſt the Scale M, and which is proportional to the Square 
Root of this Height“, may be denoted by vV/ 4. 

By multiplying this Velocity by the Ball G (Fig. 4.) and by the Square 
of the Diſtance AC, and by dividing this Product by the Sum of all the 
Bodies, moved in the Experiment, reſpectively multiphed by the Squares 
of their Diſtances from the Center of Motion, we have the Velocity of the 
Point A after the Stroke “. 

Part of this Sum we have already determined, namely with reſpect to 
the Beam, we have what remains by multiplying the Weights of the Scal:s 
L, and M, as allo P, Q, and G (Fig. 4.) by the Square of the Diſtance 
AC; for all theſe Bodies may be conſidered as if given in the Points of 
Suſpenſion A and B *. We call the Sum of the Weights of the Scales, as 
allo P, Q; and G, c, and the Velocity of the Point A after the Stroke 

my ACizxGveae Ove. 
IRC benAbs-” die * 

That, this Velocity being given, we may compare the Height to which 
the Point A is raiſed with the Height a, the Center of Oſcillation muſt be 
determined, which is moved, as a Body on which Gravity only acts“; 
but the Diſtarce of the Center of Oſcillation from the Center of Mo- 
. „ bxACi+cxAC? bxAC+c.xAC 
moe PxAC wy WWD 

But the Diſtance A C is to this Diſtance of the Center of Oſcillation, 
that is, (by multiplying Diſtances by P, and dividing them by A C), P 1s 
ro ＋c, as the Velocity of the Point A is to the Velocity of the Center 
of Oſeillation; and in the fame Ratio is the Height to which A aſcends, 
which we call d, to the Height to which the Center of Ofcillation aſcends: 

GVA Gya 


therefore P: Me:: Fx 5 = the Velocity of the Center of Oſch- 


lation. And P: : 4: x = the Height, to which the Cen. 

ter of Oſcillation aſcenès. | | 
This Height is alſo expteſſed by the Square of the Velocity of this Ce. 

ter, when à expreſſis the Height, to which a Body comes with the Veb- 
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Glxa_db+dc 


city Va Therefore we have this Equation . that is G + 3 74. 380. 


b+cxdxP 
ca=dbxP+dcxP: ande= W | 


That Numbers may be ſubſtituted inſtead of Letters, we muſt conſider, 188 
that 5 is equal to 34GCxAC+z3GFxAC, whilſt the Figure AD F E th 
B, that is, 2GCxXAC+GFxAC *, repreſents the Weight of the «+ 34. El. 
Beam; wherefore this Weight of the Beam is tob, as 2 GC+GFis to N 
160＋ 8. | | 

In my Machine GC is to G F, as 3 is to 4; that is, 2GC+GFisto 
2GC+43GF, as 15 is to 4. The Weight of the Beam is nineteen 
Ounces, two Drachms and one Scrupie, that is 463 Scruples. Therefore 
15:4::463:6= 123 1 Scruples. 

The Weights of the Scales, Q and G being added, namely c P are 


| equal to 1320 Scruples, that is, c = 1320 ＋ P; the Ball G, weighs 67 


Scruples; the Height d is equal to o, 21 Inches, that is, it ſomewhat ex- 


eeds the fifth Part of an Inch. 
And the foregoing Equation is changed into this 


b +cxdxP 1232 T1320 TT PX 21P 1443 2 +Px21P 
a= — 2 — — = — — 
G8 67x 100 448900 
By ſubſtituting ſucceſſively, inſtead of P four, eight, and twelve Ounces, 
that is, 96,192,288 Scruples, we diſcover a = 6,91. 4 = 14,68; and a 
= 23532. 
Which Heights differ very little from the Heights diſcovered by the 
Experiment ; but the Difference is to be attributed to the Change of the 


Figure of the Beam in the Computation “. * 1974 
In this Computation we have neglected the Conſideration of the Diſtance 


between the Center of the Balance and the Center of Gravity of the Beam ; 
becauſe the Error ariſing thence cannot by any means be perceived, 


SCHOLIU M III. 
Of the Center of Oſcillation, and Percuſſion. 


E have above “ deduced a Method of determining the Center of 
Oſcillation, from what has been demonſtrated about Preſſure ; the, 77. 
ſame Rule delivered there we very eaſily deduce from what is demon- 78 

ſtrated about Forces. 

A Body acquires the ſame Velocity, and therefore Force, in falling from 
a certain Height, whatſoever Way it follows in its Deſcent *; and the , 
Force acquired is proportional to this Height +. Whilſt Bodies, joined to 4 728 
compound Pendulum, deſcend, the Force acquired in deſcending is de- 
ſtroy'd by no Action; there is alſo nothing given whereby it can be in- 
creaſed; therefore the Sum of the Forces is equal to the Sum of the Forces, 
K K 2 which 
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which. the Bodies could have acquired, in falling from their Heights ſepa. 


rately. 
Let the Bodies be A, B, C, D; the Diſtances from the Point of Sur. 
penſion 2, b, c, and d. The Heights, from which theſe Bodies deſcend 
are as a, b, c, and d, and the Velocities are in the ſame Ratio. Let the 
Diſtance of the Center of Oſcillation from the Point of Suſpenſion be called 
*, and the Velocity acquired in deſcending from the Height, from which 
this Center deſcends, V; therefore the Velocity of the Body A, if it had 
fallen freely, would have been /a“; and its Force A a + ; and the Sum of 
the Forces, if all the Bodies had fallen freely, Aa + BVT CSD. 
If there be given ſome Bodies at the oppoſite Part of the Point of Suſpen- 
ſion, theſe aſcend, and their Forces are negative, 

In Bodies joined to a Pendulum, the Velocity of the Body A is di- 


covered by this Rule, x:a::v x: —> and the Velocities of the ref 


* 
5 3 c d 
of the Bodies or ns gr”, and 5 _ the Sum of the Forces i; 
Ae, B27. £5. 2425, which a it he equal: wo: the- Son 


x * x 
Aaa+Bbb+ Cic +D44 
Aa+ B + Cc + DJ 


mentioned, we diſcover x = according 


to the Rule N. 4 74. 

We have above obſerved that the Center of Percuſſion coincides with 
the Center of Oſcillation *; we will now demonſtrate it. 

This is a Property of the Center of Percuſſion, that there is an Aquilibrium 
between the A:lions, whereby Bodies, on both fides of this Center, att upon 
a Pendulum. 

Therefore we may conſider a Pendulum as if it were a Lever, whoſe 
Fulcrum is the Obſtacle againſt which it runs, placed in the Center of Per- 
cuſſion, and that there is an ZEquilibrium given, when Bodies run againſt 
this Lever, with the Velocities, with which they are moved in the Pen- 
dulum. | | 

The Center of Percuſſion of the Pendulum Al, to which the Bodies A 
and D, joined by an inflexible Line, ſuſpended at I, are applied, will be 
II, if, ſuppoſing a Lever, whoſe Fulcrum is H, and the Bodies A and D 
running againſt it, in the Points A and D, with Velocities, which the) 
have in the Pendulum, there be an Equilibrium between thele Actions; 
for then the Point I of the Pendulum cannot be affected by any Motion, or, 
if it be retained, exert any ?refſure upon the Catch. | 

That we may determine this Caſe of the Equilibrium, various Bodies 
being given, the Actions of all of them muſt be determined; that is, thelc 
Actions mult be compared together. 

The Conſideration of the Pendulum being now ſetaſide, and having regard 
only to the Lever, let the Velocity of the Body A be in, and à the Dil 
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tance AH; the Velocity of the Body Dx, and d the Diſtance H D. 
The Body A acts upon the Lever in the fame manner, whether it runs 
againſt it with the ſame Velocity, in A at the Part M, or in L at the Part 
N, HA and HL being put equal, For the Action will be the ſame, 
if, the Velocities of the Bodies being kept, we ſuppoſe them to be turned 
about the Center H, and thus moved to run againſt the Lever along e L 
and 7D. Let H / be continued to G, that HG and H e, or H A, may 
be equal; an Equilibrium will be given, if the Velocity of the Point e is 
to the Velocity of the Point G, as D dd is to A4 4, that is Dd d: A4 4 


. . „% : , for this is the Velocity of the Point G; therefore A a m = 


DA; whence it appears that the Action follows the Ratio of the Product of 
the Maſs of the Body by the Velocity, and by the Diſtance from the 


Fulcrum. 


In the Pendulum the Velocity follows the Ratio of the Diſtance from 
the Point of Suſpenſion z; and the Diſtance from the Fulcrum, is the 
Diſtance from the Center of Percuſſion ; therefore the Action of the Body 
follows the Ratio of the Product of the Body by its Diſtances from the 
Centers of Suſpenſion and Percuſſion ; and there is given an Equilibrium 
between the Actions on both Sides of the Center of Percuſſion, when 
theſe Products on both Sides of this Center are equal; and as the Center 


ay 
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of Oſcillation has the ſame Property *, it follows, that it coincides with the 472. 


Center of Percuſſion. 


C-H-AP,. VE 
Of the Cengreſs of elaſiick Bodies. 
LASTICK Bodies that concur, are ſeparated after the 


1082. 


Stroke, as we have already obſerved *, but with a different - zo, 


Force in ſimilar Circumſtances ; for the Elaſticity differs in dif- 
terent Bodies, 


DEFINITION. 


Elaſticity ig ſaid to be perfect, when the Parts yielding inwarhc 
return to their firſt Situation, with a Force equal to that, with che 
they were ftruck, | 

We ſpeak of perfect Elaſticity, tho' we are acquainted with no 


Bodies, that have ſuch Elaſticity ; for general Rules can't be deli- 


vered except in reſpect of perfect Elaſticity ; the nearer Bodies ap- 


Irony to this, the more exactly their Motions agre2 with utile 
ules, 


Im- 
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Imperfe&t Elaſticity may have innumerable Degrees ; and we 


ought to diſcover by Experiments, what peculiar Bodies want of 


perfect Elaſticity ; that we may determine, how much the Mo. 
tions of theſe Bodies recede from the Rules. 

No Force is loſt in the Collifion of Bodies, except that, which 
is conſumed by preſſing the Parts inwards *; therefore, if the 
Bodies are elaſtick, this whole Force is ſpent in the bending of the 
elaſtick Parts; but theſe return to their former Figure with an 
equal Force; therefore the Force deſtroy'd is again reſtored ; and 
the Sum of the Forces impreſſed on Bodies after the Stroke is equal in 
the Sum of the Forces before the Collifion : which Demonſtration 
s very univerſal, and may be applied to any Colliſions what. 
ſoever. 

Hence it follows, that an elaſticſt Body, that ſtrikes againſt a firn 
elaſtick Obſtacle, returns with the ſame Celerity, with which it 
went, If the Direction be perpendicular to 75 Obſfacle, it will 
alſo return in the ſame Line; as it can't be turned more towards 
one Side than the other. 

In what remains I treat of direct ſtriking only in this Chapter. 
But the Action of the elaſtick Parts muſt be conſidered with more 
Accuracy. | 

A bent Spring, put between two Bodies at reſt, whilſt it expand 
ztſelf, moves both Bodies, If the Preſſure whereby the Parts of a 
Body cohere, exceeds the Preſſures which the Spring exerts on 
theſe Bodies, the whole Action of the Spring, as there is no lu. 
troceſſion of the Parts, is conſumed in moving the Bodies, 4 
the Sum of the Forces, communicated to the Bodies, is equal 10 tl 
Force, with which the Spring was bent. 

This Spring, during the whole time in which it expands it{, 
continually preſſes equally both ways *; that is, exerts Preſſures 
whoſe Intenſities are equal; the Motions of the Obſtacles, in every 


one of the ſinall Moments, are inverſely as the Bodies, which arc 


mov'd by theſe Preflures* ; and the Velocities, communicated in 
theſe Moments, are in the fame Ratio + : in the fame Ratio allo 
are the Actions of the Spring both ways ; as alſo the Forces im- 
preſs'd on the Bod ies 1. But as this Ratio obtains in each of the 
ſmall Moments, as long as the Actions of the Spring continue, the 
whole Velocities communicated, and the whole Forces impreſs d, art i 
this very mverſe Ratio of the Maſſes x; which two agree together, 
as we have demonſtrated before +. | / 


Ha 


. 0 ˙ Q 


22 


N. 


„% OA 


P ͤ v s 35 


. K Dc _w..Oa— 


Meet 


* MMI 


As. COMAOG 444% N 


* 


| 
| 
| 


 S OOO OOO OOOONLY 


I SOS SSSSS 
SS SSSSSSS 
LACS 


D DIV 


OT 

EEE EY 

Wr * 
* W 


nn * 
SS nnn 
s 


% JD W AN 


— BED 
JO 


WY 


rn 


7 
22725555 277275 


ä 


5 
= nr = — 
* S 
by INS 


* 
** 
\ — — 
2 ** 7 o 
DVR R IV 
3 = 
— ** S ISI 
_ = * DIL 
\ \ oo - %% 
_— ©%S%% 


Chap. 6. of Nataral Philoſophy. F 


1 
71 


A MACuiNnE, whereby a Spring, when bent, is relax'd between 
Bodies ſuſpended, 


This Machine is wi to a Rectangle, altogether like that, of logo. 
which we treated above * ; in the ſame manner alſo Copper Cy- MateXXVI,. 
linders, and leaden Weights, are join'd to it + ; and the Rectangle 354 
itſelf, with the Machine join'd to it, weighs exactly the ſame, as + 774- 

the Rectangle mention'd,. when one of thoſe Bodies, mention'd in 

the Explanation of that Rectangle, is join'd to it “. 77. 

The Machine, of which I am now ſpeaking, conſiſts of a ſpiral 1091. 
Apring E, like thoſe, whereby Motion is communicated to Watches; 
in the fame manner as in theſe, that is join'd to the Axis, round 
which it is wound, and to which is join'd a Wheel with Teeth; 
this is carried round, whilſt the Spring is relaxing, and by its Mo- 
tion moves a ſecond Wheel, that, ſmaller Wheels being added, 
the Motion of the firſt may be regulated, by a Method commonly 
uſed in like Circumſtances. | 

But the Motion of the Spring, when it is wound up, is ſtopp'd 1092. 
by help of a ſmall Plate, which retains the laſt of the fmall Wheels, 
which is eafily let looſe, whereby the Motion of the Wheels is re- 
ſtor'd. All theſe things could not be repreſented in the Figure, but 
they have no Difficulty. 

The Spring mention'd, together with all the Wheels, is con- 1093. 
tain'd between two Plates, into which the Ends of the Axes of the 
Wheels are put; this Part of the Machine does not cover half of 
the anteriour Surface of the Rectangle, and occupies one Side of its 
Surface, and is terminated within by the Plate V V. 

The Axis of the greater Wheel 7, to which the Spring E is 
| join'd, goes thro' the Plate VV, and the Plate : is join'd to the 
prominent End; which is repreſented at I, ſeparately, and drawn 
in its true Bigneſs. 

The Steel Plate FG, which covers the anterior Part of the. 
whole Machine, is the ſame, which we explain'd above *, and * 749: 
which is repreſented in Fig. z and 4, of this Plate. 

The Catches, which are to be ſeparated in the Experiments +, + 749. 741. 
are ſeparated here alſo by the Hammer , which, as that of 
which we ſpoke in No 74 1. has a Tail alſo, which is join'd at 
right Angles in o to an Axis that turns about ; the Separation of 

he Catches alſo is made in the ſame manner as there, by depreſ- 
| ing the Hammer; which how it is done in this Caſe I will mention. 
| 1 
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To the Tail of the Hammer, about the middle of it, is join'd the 
Hook , which is applied to the Circumference of the Plate i , 
I, by whote Circumvolution the Hammer is rais'd, whilſt the Cir. 
cumference p19 paſſes by along the Hook; but when the End 4 
leaves the Hook n, the Hammer is ſuddenly depreſs'd, But that 
this may be done with a ſufficient Force, and the Catches may be 
ſeparated in the Experiments, we make uſe of a ſmall, ſteel, 
elaſtick Point , which is faſten'd in the ſide Plate of the Ma. 
chine at s, by help of a Screw ſurrounding the Point, near the 


Head s; the other end of the Point is free, and is applied to the | 


Tail of the Hammer, which it depreſſes; but whilſt this is rais'd. 
the Point is bent, and the Preſſure from the Elaſticity is increasd; 
and for this reaſon the Hammer when freed deſcends with Force. 


EXPERIMENT l. 
The Spring deſcrib'd above * is applied to the Rectangle, as in 
the ſecond Experiment of the ſecond Chapter of this Book +. We 


make uſe of the ſame Machine, which we uſed in that Experi- 


ment, and ſuſpend the Rectangle in the ſame manner *. We ſuf. 
pend another Rectangle alſo; namely, that to which the Machine 
is join'd, which we explain'd laſt F. 

We have now two Bodies ſuſpended, as in many Experiments of 
the foregoing Chapter. They are diſpoſed in the ſame manner; 
and then the little Tongue of the Spring anſwers to the Hole in the 
middle of the Plate with Catches, as in the Experiment ſhewn “. 
The little Tongue is thruſt into the Hole alſo in the ſame manner, 
as has been already explain'd there, and elſewhere more diſtinQly +; 
but ſo, that the firſt Teeth of tlic little Tongue are of uſe here allo, 
as in other Experiments &. 

But that the correſponding Threads may be parallel, the Spring 
being now bent, we make uſe of a Method uſed elſewhere in a 
peculiar Caſe k. 


The Spring, whereby Motion is communicated to the Wheels, 
is wound up +; and its Motion hinder'd ||. 

This is relax'd, when the ſuſpended Bodies are at reſt, whereby 
the Reit is a little diſturb'd for ſome time; but the Motion conti 
nues ſome Moments, that the Bodies in the mean time may fe- 
turn to reſt; at length the Hammer falls of its own accord *, and 
the Bodies are ſeparated by the Action of the Spring bent between 
them. And this Experiment is varied, the Maſſes of the Bodies 
ſuſpended being chang'd. 7 
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Th the firſt Trial we put the Cylinders * into the Bodies, that 1096. 
each Maſs, R and 8, may be equal to two, The Bodies are ſepa- PL XXXVI. 
rated with equal Velocities, and theſe are equal to 8,4. K 1 

In the ſecond Trial, one of theſe Maſſes is kept; namely, that 1005. 
of the Body 8; the other is chang'd, that it may be ſixteen; and, Pl. XXXVI. 
the Spring being relax d, the Velocity of this Body is equal to 1,4; Fs. 2. 
whilſt S is mov'd with the Velocity 11, 2. 

If the Experiment be repeated the third time, putting the 1998. 
Maſſes, R three, S four; the Velocities will be, of this 5, 5; of Pl. XXXVI. 
that 7, 3. | | ig. 3. 

in theſe three Caſes the Sum of the Forces is the ſame, and the 1099. 
Velocities are inverſely as the Maſſes. 

In the firſt Caſe the Maſſes are equal, ſo alſo are the Velocities. 

The Force of every Body is 2 * 8, 4 x 8, 4 141, 12. and the 
Sum is equal to 282. | 
In the ſecond, the Maſs of the Body R exceeds the Maſs of 8 


eight times, and the Velocity of that is exceeded by the Velocity of 


this in the ſame manner. The Forces are 16 x 1, 4x 1, 4=31,36, 
and 2 x 11,2 == 258,88; and the Sum is again equal to 282. 
Laſtly, in the laſt Caſe the Maſſes are as 3 to 4. The Velocities are 
in the ſame Ratio, but inverſe, as 7,3 to 5,5: The Forces are 
317, 3X7, 3= 119,87, uud 41 5,5 x 5 == 121;;. ind. the 
Sum which ſcarce differs at all from 281, can leave no doubt of 
the Equality of the Forces. | 
We have this very Caſe which we have examin'd, when #w9 1100. 
elaſtick Bodies, run againſt each other directly, with contrary Motions ; 
arith Velocities, which are inverſely as the Maſſes : for theſe being 
ſuppoſed not elaſtick, they are at reſt after the Stroke *; therefore 962: 
in the very Moment of the Concourſe, before the Figure is reſtor'd, 
the Spring is bent between the two Bodies at reſt. Therefore they 
are ſeparated with Velocities which are inverſely as the Maſſes +, + 108. 
that is, the Velocities after the Stroke are in the ſame Ratio in 
which they were before the Stroke ; whence it follows, that each 
Body returns with the ſame Velocity which it had before the Stroke ; 
tor if it be diminiſhed in one, the Ratio will not be kept, except 
it be diminiſhed in the other alſo; wherefore the Sum of the 
Forces will be leſs, which is impoflible || The Demonſtration is f :c8; 
the ſame, if the Velocity of one Body is increaſed. | 
The Experiment, whereby we confirm this Propoſition, and 1101. 
the reſt alſo, which follow concerning the Colliſion of elaſtick Bo- 
Vol. I. r dies, 
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dies, are made by help of the ſame Machine, whereby the Expe- 
riment of the Colliſion of Bodies non-elaſtick are demonſtrated * 

In thoſe we make uſe of ivory Bodies. The firſt is the Ball G 
whoſe Diameter is an Inch and an half; we uſe fix ſuch. The 
reſt of the Bodies are cylindrick, as B and C; at one end they are 
terminated by an Hemiſphere, but the other Baſe is flat; but the 
Diameter exceeds an Inch a little only. In making theſe Cylinder: 
it muſt be obſerv'd, that the Axis of the Tooth ſhould coincide with 
the Axis of the Cylinder, The Weights of the Bodies G, B, and C, 
are to one another as one, two, and three. 

The Balls are ſuſpended by the two Hooks v, v; others are 
ſuſtain'd by four Threads, as the Rectangles, which are uſed in the 
Experiments of the Colliſion of Bodies non-elaſtick *. There are 
fix ſuch Bodies like G, as I ſaid, one like B, and two like C. 

That theſe Bodies may be ſuſpended, we faſten the middle 
Hooks g, f, and h, 7 *, by attending to what was ſaid in Ne 765. 
then there is a Diſtance of an Inch and an half between g and /, as 


alſo between / and 27. If then we ſuſpend two Balls, the corre- 


1104. 
Plate XXVI. 
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one another. | pit 
If we have to do with the Cylinders B and ©, the next Hooks 
come to be uſed; which are placed at a Diſtance, equal to the 
Diſtance v V in the Body to be ſuſpended, from the middle Hooks 
already faſten'd ; which Diſtance is immediately determin'd, the 
Body itſelf being'mov'd to it, | 
Theſe Bodies, the Threads being reduc'd to the requir'd Length, 
touch each other in the fame manner, as was ſaid of the Balls, 
when they hang freely, whether there be two Cylinders as C, or 
as B; or one as C, another as B; or laſtly, whether either of them 
be applied to the Machine together with a Ball; for the Diſtance 
of the Hooks v, v, or V, V, from the Ends of the Bodies is three 
arters of an Inch. | 5 
In other Circumſtances, the Experiments with the elaſtick Bodies 
don't differ from the Experiments, explain'd in Chapter 4; the 
Veloeities requir'd are communicated to the Bodies, and the Velo- 
cities after the Pereuſſion are meaſur'd in the ſame manner, as in 
theſe ; but as in the Percuffion the Paralleliſm is never diſturb'd, wc 
don't regard what was deliver'd in Ne 942. | 


ſponding Threads being reduc'd'to the ſame Height, they will touch 
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l EXPERIMENT 2. | | 

The two Bodies P and Q, whoſe Maſſes are as one to three, run 1105. 
againſt each other, at p, q, this with the Velocity five, that with Pl. XXXVI. 
the Velocity fifteen ; after the Stroke each of them returns almoſt © + 
to the fame Height from which it fell at ↄ ahd 9. | 

The Defe& of Elaſticity is the reaſon why the Bodies don't re- 
turn to the ſame Heights exactly, from which they fell. 

In this Experiment, as in the following alſo, the Velocity, ge- 1106. 
nerated by the teſtoring of the Figure, wants a twelfth Part of 
that, which would be produc'd, if it were perfect; but if the re- 
ſpective Velocity of the Bodies be great, the Defect of the Velocity 
is greater, the Proportion being kept; - 0 ** 

What is demonſtrated of a Spring, expanding itſelf between Bo- 
dies at reſt, muſt be referr'd to a Spring between Bodies, carried 
with the ſame Velocity with them, and which is at reſt in reſpect 
of the Bodies: therefore / in a Ship tuo elaſtick Bodies firike againſt 1 107. 
each other, with Velocities, which are inverſely as the Maſſes, they 
will return with the ſame Velocities in the Ship *. | '* 1100. 

Thoſe Things being laid down which are mention'd in N* 987. 1105. 
in a Ship, which is carried with the Velocity BI, Bodies non- ,I. 
elaſtick are at reſt after the Stroke, and the Changes of the Velo- © © 
cities are inverſely as the Maſſes, the Velocities being deſtroy'd, 
with which they came towards each other in the Ship : now if 
they be elaſtick, they recede from one another in the Ship with the 
lame Velocities, with which they came towards one another in the | 
Ship * ; that is, there is given a ſecond Change in the Velocitics 2 DIO « 
equal to the firſt : wherefore each Body undergoes a double Change 
m the Velocity, and the 1 Velocity after the Stroke 1s equal 1199. 
to the reſpective Velocity before the Stroke. In Fig. 1. the Body 
mov'd with the Velocity BN, had in the Ship the Velocity IN 
before the Stroke; it loſt this, and acquir'd a Velocity I G equal to 
this on the contrary Side; therefore it has the Velocity B G. The 
other Body, whoſe Velocity was BE, return'd in the Ship before 
the Stroke; that is, it was mov'd more lowly than the Ship itſelf, 
by the Quantity IE; after the Stroke, it is carried with an equal 
Velocity IP on the contrary Side; that is, faſter than the Ship it- 
(elf, and the Velocity is BP. 
| After the ſame manner in Fig. 2. the Body which had the Ve- 
octy B N, loſt the Velocity IN, which it had in the Ship; and 
now returns in the Ship, with a Velocity I G, equal to it; that 
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is, it is carried with the Velocity B G after the Stroke : the other 
Body whoſe Velocity was BE, return'd in the Ship with the Ve. 
locity IE; now, the Motion being chang'd, it is carried in the 


Ship from the Stern to the Prow, with the Velocity I P equal to it, 


and its abſolute Velocity is B P. 


Hence we deduce two Rules, by which we determine the Velo- 
cities of elaſtick Bodies after the Stroke. 


RULE 1. 
If the Velocity of a Body, ſuppoſing Bodies non-elaſtick ftriking 
againſt each other, be increas'd by the Stroke, a double Increaſe muſt 


be added to the firſt Velocity, that the Celerity after the flriking may 
be determin'd, if the Bodies are elaſtick. 


1 


In two Bodies non-elaſtick running againſt each other, if a Body 
loſes of its Velocity, the Part loft muſt be doubled, when the Bodies 
are elaſtick, and ſubtracted from the firſt Velocity, to determine the 
Celerity after the Percuſſion. 

Concerning the ſecond Rule it is to be obſerv'd, that the Body 
which returns, does not only loſe its former Velocity, but beſides 
that there is a Velocity inſtead of the Velocity loſt, acquir'd towards 
the contrary Part; and in this Caſe, the Sum of both theſe Veloci- 


ties muſt be doubled, and ſubtracted from the former Celerity. 


But when a greater Velocity is ſubtracted from a leſs, the Excels 
towards the contrary Part muſt be taken. 


ExPERIMENT 3. 


The Body P, whoſe Maſs is two, and Celerity nine, ſtrikes 
againſt the quieſcent Body Q, whoſe Maſs is one; if the Elaſtici) 
were perfect, after the Stroke Q would be carried with the Celerity 
twelve, and P would continue its Motion with the Velocity three ; 
which is diſcover'd by Computation according to theſe Rules : for 
if the Bodies were non-elaſtick, the Celerity of both after their 
concurring would be fix &; therefore the Eody Q would acquire 
fix degrees of Velocity, therefore by Rule 1 + it now acquires twelhe 
degrees. The Body P, which ſetting aſide the Elaſticity, loles 
three degrees of Velocity, by Rule 2 * loſes fix, which if they be 
ſubtracted from nine, the former Velocity, there remain three 
degrees of Velocity. But the Elaſticity is imperfect; and in that 
Experiment the Velocity of the Body Q, is eleven and an halt; * 
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P continues in motion with three Degrees and a Quarter of Velo- 

city; which agrees with what we have obſerved *; that the ice. 
Change ariſing from the Elaſticity. muſt be diminiſhcd a twelfth 

Part. | 


EXPERIMENT 4. 
The Body P ſtrikes againſt anotherQ, which is at reſt, and triple, 11 4. 
; with the Velocity twelve; and, if they were perfectly elaſtick, it would Pl. XXX VI. | 
3 return with the Velocity ſix. In this Caſe, Bodies non-elaſtick Fig 6. 
| would be moved with the Celerity three ; therefore the Body P [ 
would have loſt nine Degrees of Velocity, therefore it loſes | 
eighteen Degrees by the Rule 2 *; which if they be ſubtracted + ,,,, | 
from the former Velocity twelve, there are given ſix Degrees to- | 
wards the contrary Part T. The Pody Q, which acquires three + irie. Il; 
Degrees of Velocity, when the Bodies are non-elaſtick, thould now "| 
acquire fix. But this ſecond Change muſt be diminiſhed its 
twelfth Part, and the Velocity is five with three fourth Parts. By 
reaſon of the Defect of Elaſticity, the ſecond Change of Velocity 
of the Body P is only eight and a quarter ; and the Velocity, to 
be ſubtracted from twelve, is equal to ſeyenteen and a quarter, 
and the Body returns with five and a quarter ; and we diſcover 
theſe by Experiment. In the fame manner, what is diſcovered by 
the Rules, is confirmed by the following Experiments ; if we con- 
ſider the Defect of Elaſticity. 


EXPERIMENT 5B. 


The Body P, whoſe Maſs is two, and Velocity eight, runs againſt 11 5. 
the Body Q, whoſe Maſs is one, and which is carried towards the p1. XXXVI. 
tame Part with the Velocity five; if the Elaſticity were perfect, lis 7- 
after their concurring, the Body Q would be moved with the Ve- 
locity nine, and P would have the Velocity fix, as is determined 
by the foregoing Rules. For if the Bodies were non, elaſtick, both 
would be moved with the Celerity ſeven after the Stroke *: the- „85 
Body Q would acquire two Degrees of Celerity, which muſt be 
doubled by the Rule 1, and added to the former Celerity five, 
whence we have nine: the Body P would loſe one Degree of Velo- 
city, by Rule 2 it loſes two, therefore it has ſix remaining. By 
having regard to the Defect of Elaſticity, P has the Velocity ſix 
and a twelfth Part, and Q is moved with the Velocity eight and 
nve-fixths, This Experiment alſo demonſtrates it. 
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1116. 
Pl. XXXVI. 
Fig. 8. 


1117. 
Pl. XXXVI. 
Fig. 9. 


1118. 
Pl. XXXVI. 
Fig. 10. 


1119. 


1120. 


1121. 
Pl. XXXVII. 


Fig. 5. 
* 987. 
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|  ExPERIMENT 6. 
The Body P, with the Velocity nineteen, is carried towards the 
ſame. Part with the triple Body Q, moved with the Celerity three; 
after the Stroke the Body P goes back with -the Velocity four, Q 


continues its Motion with the Velocity ten and two thirds, 


ExPERIMENT 7. 

The Body P with the Celerity five, and the triple Body Q with 
the Celerity eleven, are carried towards contrary Parts ; after their 
Concourſe Q continues its Motion with a Celerity, equal to three 
and a third, and P goes back with the Velocity eighteen. 


EXPERIMENT 8. 


The ſame Bodies, P and Q, are carried towards contrary Parts, 
P with the Celerity ſixteen, Q with the Velocity eight; both go 
back after the Stroke; the Velocity of P is eighteen and a half, 
and Q has a Velocity, equal to three and a half. 


EXPERIMENT 9g. 


If in the laſt Experiment the Velocity of the Body P be 
changed, and it be eight, the Bodies being ſuppoſed — e- 
laſtick, Q would loſe its whole Motion, and P would return with 
the Velocity ſixteen; but in the Experiment Q keeps a third 
Part of a Degree of Velocity, and the Velocity of the Body P is 
fifteen, 

All the Caſes of the Percuſſions of elaftick Bodies are deter- 
mined by the Rules above-mentioned ; we alſo deduce the follow- 
ing Propoſition from them. 

When the Bodies are equal, and carried towards the ſame Part, 
they continue their Motion with changed Velocities; if they be carried 
towards contrary Parts, they go back with changed Velocities. 

Caſe I. Let the Bodies tend towards the fame Part, and let 
AB be the Velocity of one Body, A C the Velocity of the other; 
by reaſon of their equal Maſſes, the Changes of the Velocities are 
equal x. Let BC be divided into two equal Parts in D, 
and AD will expreſs the Celerity of each Body after their Meet- 
ing, if they are non-elaſtick; the Celerity A B is increaſed by the 
Quantity BD, it ought to be increaſed. by twice ſuch a Quantity 
by reaſon of its Elaſticity + ; in which Caſe the Velocity HY r 
a change 
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changed into AC. In the ſame manner the Celerity A C, in Bo- 
dies non- elaſtick, is diminiſhed by the Quantity DB; it ought to 
be diminiſhed by twice this Quantity ||, and become A B. | 1117, 


EXPERIMENT 10. 


Two equal Bodies are carried towards the ſame Part, the firſt 1122. 
with the Velocity ten, the other with the Velocity four; they H. XXXVII. 
would continue their Motion after the Stroke with the Velocities “8. e. 
changed, if the Elaſticity were perfect; which alſo is diſcovered 
by Computation from the foregoing Rules. But in the Experiment 
the Antecedent Body acquires leſs, the conſequent one loſes leſs, and 
each Difference is equal to a Quarter of a Degree of Velocity. | 

Caſe 2. Let AC be the Celerity of one Body, AB the Celerity 1123: 
of the other; if BC be divided into two equal Parts, the Velo- H. XVII. 
city of each after their Meeting, is towards the fame Part AD *, * 990. 
when the ſame Bodies are non-elaſtick. Therefore the firft Body 
loſt the Velocity D C, the other Body leſt the whole Velocity 
AB, and acquired A D towards the contrary Part ; therefore the 
whole Quantity loſt is DB +, equal to DC; this Quantity if it f 112. 
be doubled, BC will be the Quantity of the Celerity loſt by 
each Body ||; which being ſubtracted from the Velocity of | III. 
each Body, gives in each Caſe a Velocity towards the contrary 
Part I, equal to that, which the other Body had. 1 112. 


EXPERIMENT 11. 


If equal Bodies be carried towards contrary Parts, one with the 1124. 
Celerity twelve, the other with the Velocity ſix, they both go 
back after the Percuſſion with changed Velocities, each Velocity 
wanting three Quarters of a Degree of that, which the other 
Body had; which is diſcovered by Computation alſo, if we attend 
to the Defect of Elaſticity. 

A Body firikes againſt another quieſcent Body equal to it, if the 1125. 
Velocities are changed, the fir/i Body will reſt after the Stroke, but 
the other will be noded with the Velocity of the former. 


EXPERIMENT 12. 


If a yoo ſtrikes againſt an equal Body at reſt with the Velocity 
twelve; e firſt is moved with half a Degree of Velocity, the 
ſecond acquires the Velocity eleven and an half, if the Elaſticity 


Were 


1126. 


264 Mathematical Elements Book II. 
were perfect, the firſt would be at reſt after their meeting, and the 
other would be moved with the Celerity twelve. 

1127. In elaſtick Bodies the Adtion of the Spring is very ſudden. 
Therefore if various elaſtick Bodies are contiguous, and the laſt he 
ſtruck, all the following are moved, as if they were ſeparate ; if 
likewiſe of many Bodies contiguous, moved with the ſame Velo- 
city, the antecedent one runs againſt any Body, it acts as it 

1128. Would ſeparated from the reſt. Whence it follows that a Body i; 

| moved only 7 the Action of the Body next to it, and that it af; 
upon the Body next to 1t only, the elaſtick Parts. returning to their 

Figure, before the Action can be communicated to the next Body. 


| . 4 
ExPpERIMENT 133 


1129. 1. Let there be many, equal Bodies, Q R, 8, IW, diſpoſed in 1 
pl. xxXVII. the fame Line, and touching one another; let a Body P, equal to 4 
Fig. 7: the reſt, ſtrike againſt Q, with any Velocity whatſoever ; after 

their meeting P, Q, R, S, and T, remain at reſt; or rather are 
moved a very little, which follows from the Defect of Elaſticity; 
and V. only is moved. 


Pl. X XXVII. 2. Let the two contiguous Bodies P and Q be moved with equal 
bis. s. Velocities, ſo that Q may ſtrike againſt R, after the Stroke P, O. 
R, and S, are at reſt, but T and V are moved together, 
Pl XXXVII. 3. If three be moved in the fame Manner, three alſo are 
Fig. 9. moved after their meeting. 4 
PI.XXXVII. 4. If four be moved, four alſo are ſeparated from the reſt af- 
Fig. 10. ter the Percuſſion. | 58 
PLAXXVII. 5. Laſtly, if P, Q, R, S, and T, be moved together, and T 
Fig. 11 ſtrikes V, after the Percuſſion P only is at reſt, Q, R, 8, T, and 
V, are moved together. In general, whatſoever the Number of 
Balls be, as many as are moved before their meeting, ſo many alſo 
are moved afterwards. „ 
1130. Theſe Bodies act as if ſeparated *, In the firſt Caſe P ſtrikes 
pl. xxx VII. againſt Q, and is at reſt +; Q, moved by the Stroke, ſtrikes a- 
Fig 7. gainſt R, and is at reſt alſo; and fo of the reſt ; till at laſt T 
n 2 * ſtrikes V, which only being retained by no Obſtacle, continues in 
Motion. | 
pl. XXXVII. In the ſecond Caſe, the Body Q drives the Body V in the fame 
Fig. S. Manner; P immediately follows, running againſt Q, which is al- 
ready at reſt from the former Stroke; Motion is alſo commun 
cated-to the Body T in the fame Manner, which can't wir 
| 2 already 
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already in motion; and as the Motions of the Bodies P, and Q 
are equally ſwift, and thoſe Bodies follow each other very nearly, 
there is not given a ſenſible Time between thoſe two Communi- 
cations of Motion; whence alſo the Bodies V, and T, are moved 
equally ſwift and not ſeparated. | 
It appears by another Experiment, that the Action of the 1131. 
Spring is ſo ſudden as ſcarce can be conceived. RECON 


EXPERIMEN T 14. 

An hollow Ivory Ball, about two Inches Diameter, is made up 1 132 
of two ein e A and B, which may be joined together XVII. 
very faſt by a Screw. ee * 

The Hemiſphere B is let down in ſuch manner, from any 
Height, whatioever, for Example, eighteen Inches, that it may 
ſtrike againſt a marble Plane, made wet a little; and indeed that 
the Middle Point of the Surface may run N the Plane. This 
may be done without much Difficulty, if the Hemiſphere be 
thicker in that Place than towards its Extremities. Let the Spot 
be meaſured, which the Body makes on the Marble by the Stroke. 

Join the Hemiſphere A, and let the Ball be let down from the 
ſame Height in ſuch manner, that the ſame Point, of the Surface 
of the Hemiſphere B, may run againſt the Marble Plane; which 
will be eaſily done, if the Hemiſphere A be e 4 755 than the 
other: the Spot will be exactly equal to the firſt Spot, and the 


1 Ball will rebound much leſs. | 
a Laſtly, let there be put into the Cavity of the Ball a Piece of 
= Lead P, of the fame Weight as the Ball itſelf; and let it be 
there faſtened: the Ball being let down in the ſame manner, the 
Spot will be the ſame in this third Caſe alſo, and the Ball will 
ſcarce rebound at all. : 

But a ſolid Ivory Ball being let down from the ſame Height, 
equal to the Ball mentioned, the Spot will be greater, and the 
Ball returns almoſt to the ſame Height from which it fell. 
In this Experiment we ſee, that the Parts ſtruck of the He- 
miſphere B returned to their Figure, before the Action of the 
Hemiſphere A, or the Lead in it, could be communicated to it, 
tho' theſe Bodies cohere cloſely enough. 
In the laſt Chapter of this Book I ſhall treat about determin- 1133. 
ing the Times themſelves, in which the Inflections of elaſtick Bo- £ 
dies are made; and we ſhall find that in this Experiment the 

Vor. I. B Mm Time, 
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Time, in which the Parts are preſſed inwards, is nine fifth Mi- 
nutes ; or 229 of one Second, | 


SCAOLIUM I. 


In hich what is demonſirated in Scholium 3. Chap. 4. of this Bout 
is applied to elaſtick Bodies. | 


N Scholium 3. Chap. 4. of this Book we have demonſtrated how wha: 
1 happens in Collifion, during the mutual Action of the Bodies, when 


| they are non- elaſtick, is determined geometrically ; what is there demon- 


* 929. 


1134. 
Pl. XXXVII. 
Fig. 3. 4. 


* 967. 


* 1085, 


11:35. 
VI XXXVII. 
Fiz. 1. 2. 
Nies. 
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ſtrated, of the Diminutions of the Velocities, and Forces, may be referred 
to elaſtick Bodies“; and it will be eaſy to determine, what happens in the 
reſtoring of the Figure. 

Thoſe Things being laid down which are explained in the Scholium 
mentioned, Ee is the Velocity with which both Bodies are moved, in the 
very Moment of the whole Inflection of the Parts. Whilſt the Parts re. 
turn to their former Figure, the Changes of the Velccities are continued, 
and indeed according to the ſame Laws as in the preſſing inwards + ; where- 
fore CE and DE being continued, and H R being drawn parallel to DA, 
the Lines RS, RH, will ſhew the Velocities of the Bodies; and the 
Triangle E S H will repreſent the Force reſtored. This Force, if we con- 
ſider the whole Action of the elaſtick Parts, is equal to that, which was 
deſtroyed by the Colliſion * ; therefore the Triangles DE C, E SH, are 
equal. Therefore if e R be equal to e A, the Velocities of the Bodies al 
ter their Separation will be RS, RH. In the Caſe Fig. 3. the Body, which 
had the Velccity AD, returns with the Velocity RS, the other keeps its 
Direction; in Fig. 4. the Body, whoſe Velocity was AD, continues 1 
motion with the Velocity RS, the other goes back with the Velocity 
KR II. 

Theſe Things are ſo, ſuppoſing the Elaſticity perfect; if there is a De- 
fect in it, 1, muſt be drawn parallel to RH, fo, that er may be to 
2 R, as the Velocity, which 1s really generated, by the reitoring of the 
Parts, is to that, which would be produced, if the Elaſticity were perfect. 
Then 75, 7h, are the Velocities fought. 

In the Figures, which would ſerve for the Experiments of this Chapter, 
er weuld be to e R, ore A, as eleven to twelve. 


SCAHOQELIU MIN. 
A fuller Demonſtration of N. 1085. 


E have demonſtrated that in the Congreſs of elaſtick Bodies the 

Sum of the Forces is the ſume before and after the Stroke? 

whence follows, laying down what is explained in N. 1108. 1109- AÞx 
BN? + BCX BEA = ABxBG%-+ BCxBP++F, of which we wil 


give a geometrical Demonſtration here alſo. Fir 
1736, 
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Firſt, let the Bodies tend towards the fame Part. Let the Squares of Pi XXXVIL. 
the Lines BE, B G, BN, and BP be formed; let the Diagonal of all ! 3. 1. 13: 
B V be drawn. Let IS be drawn parallel to PV; and, let XS K be 
drawn parallel to PB, thro' 8, the Point in which it cuts the Diagonal : 
jet GR and EQ be continued to Z and K. Becauſe IN and I G are 
equal, as alſo IP and IE, the Triangles YS T, K SZ, are equal; alſo 
the Triangles S XV, SK Q. Therefore the Trapezium GRTN is 
equal to the Rectangle GZ IN; and the Trapczium E Q VP equal 
to the Rectangle EK XP. | 

The half difference of the Squares of the Lines BN, BG, is the Trape— 
zum GR TN, or the Rectangle GZ 1 N. In the fame manner the 
half Difference of the Squares of the Lines B P, BE, is the Rectangle 
EK X P; but theſe Rectangles, by reaſon of the common Height I S, are 
as their Baſes *; or as the halves of their Baſes IN, IE.; allo, as are the * 1 11 VI. 
half Differences of the Squares, ſo are the whole Differences: therefore 
BN - BG“: BP!?—BE?::IN:[IE; that is, as BC is to AB, 
from the Conſtruction. 

Therefore ABx BN? — ABI BG = BCxBP'—BCxBE?", 
therefore ABB NAT BCB E: = ABN BGB CXB P.. 

Which was to be demonſtrated. 

Let the Bodies now tend towards contrary Parts. Let the Squares of 1136. 
the Lines BP, BN, BE, or Be, and BG or Bg, be formed again: PIXXXVII. 
Becauſe IN, IG, and IP, IE, are equal, NP, E Gore are equal; Fs. 2. 14. 
let us add on both ſides e N, e P, g N, will be equal. The difference of 
the Squares BV and BQ, that is, of the Squares of the Lines B P, BE, 
is a Rectangle, whoſe Baſe is P V and e Q, that is, PE, and Height e P; 
the Difference of the Squares B T, B R, that is, of the Squares of the 
Lines BN, Bg or B G, is a Rectangle, whole Baſe is NT and g R, 
that is, NG, and Height g N; by reaſon of the equal Heights theſe 
Rectangles are as the Baſes PE, N G, or as their Halves I E, IN, which 
are as AB, B C; therefore B PY BEA: BNA - BGA:: AB: BC. 

Therefore ABN BNA — ABxBG* = BCxBP* — BCX BEA; 
whence we deduce A Bx BN* +BCxBE* = ABxBG? +BCx 


B PA.. Which was to be demonſtrated. 


SCHOLTIU M III. 
An Illuſtration of the mutual Action of elaſtic Bodies. 


Ao there can be no doubt about the Equality of the Sum of the 11 37. 
Forces, before and after the Stroke, as this follows from perfect 


Elaſticity itſelf *; and alſo is deduced from the Rules of Computation, * 1-83. 
as we have done in the foregoing Scholium, I dont deny but there is not- 
withſtanding ſome Difficulty in theſe Things ; as it does not appear from 
what 15 demonſtrated, how a Spring, which whilſt it expands itſelf between 


dies, and communicates Forces towards oppoſite Parts, which are in- 
M m 2 vericly 
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verſely as the Maſſes *, can often not only impreſs the whole Force, where. 
with it expands itſelf, to one Body only, but beſides as much as it take; 
away from the Force of the other Body: For example, the Body A 
with two Degrees of Velocity, that is, with four Degrees of Force *, run; 
againſt the Body B, equal to it at reſt, after the Stroke, ſetting aſide the 
Elaſticity, both have one degree of Velocity“; and each has one degree 
of Force Þ ; that is, the Force of both is equal to two, and the Parts were 
compreſſed with two remaining degrees of Force ||; and, if the By. 
dies are elaſtick, the Spring was bent by this very Force, and expands it- 
ſelf with the ſame Force * : but after the Stroke the Body B has two de- 
grees of Velocity ; that is, the Force four; and A is at reſt. Therefore 
the Spring communicated three degrees of Force to B, and took one de- 
gree from A; tho' it was bent with two degrees of Force only; and tho 
by reaſon of the equal Bodies, it exerted equal Impreſſions on both ſides, 
To take away this Difficulty, we muſt diſtinguiſh between abſolute and 
relative Force. The Spring placed between Bodies, communicates Forces 
to them, which are inverſely as the Maſſes, if it be at reſt between the Bo- 
dies“; that is, if the Bodies being moved, it be carried with the ſame 
Motion with them; ſuch as are the Motions communicated to Bodies 


in a Ship, which is carried with the ſame Velocity with the Bodies, and 


in which therefore they are at reſt with their Spring *, But this Pro- 
poſition ought not to be referr'd to abſolute Motions, of which one is ac- 
celerated, the other retarded, the Spring being already moved, before its 

With reſpe& to abſolute: Forces we muſt obſerve, - that thoſe are often 
communicated to a Body, by a moving Cauſe which is moved, itſelf, in 


which Cale not only the moving. Cauſe acts upon ibe Body, but .there is ail; 


given tbat Action upon the Body, which transfers the moving Cauſe itſelf ; 
and a Force is communicated to the Botiy, equal to-the Sum of theſe Actions“: 
for this Force is the Effect of both Actions united; for we ipeak of the 
Cafe in which they produce no other Effect. 1 


- 


When a Spring ſtands againſt an Obſtacle, which does not yield at the 
oppoſite Part, it communicates the whole Force, with. which it was bent, 
to the Body which it repels from the Obſtacle, as follows from Demonitrz- 
tion N. 1089. and is confirm'd by Experiment 2, Chap. 2. of this Book, 
compar*d with Experiment'1. of this Chapter. | 

But if the Spring which ſtands againſt the Obſtacle on one ſide, which 
does not yield, exerts its whole Force at the oppoſite Part, much more ble 
Spring, . which. is moved towards that Part, at which it afts, will commuli. 


cate the whole Force, with which, it is relaxgd, 10 the Body, on which it ci 
impreſs ths Horce alſo, which is equal to the Action, which moves the Springs 


whilſt it is relaxed. 


o 
+ 1? - 


From whence it alſo follows, 2 the Spring ſtands againſt an Obſtacit, 
not altogether immoveable, that it exerts. its whole Force at the oppoſite Fart, 


taking away that, with which it can move the Odtacle, i 
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If we apply this to the Caſe mentioned, we caſily ſee, that two degrees 1142. 
of Force are communicated to the Body B, whereby the elaſtick Parts 
were bent, and beſides the Impreſſion, with which the Spring was moved 
during its Expanſion *, which Impreſſion is the Action of the Body A * 1148. 
upon the Spring, and is Equal to the Force loſt by the Body A ia this 
Action FT. Bur A loſt one degree of Force, which therefore was com- + -0d. 
municated to B, beſides the two mentioned ; therefore B received three de- 
&r&es of Force, which added to the one degree, which it had before the 
Action of the Spring, give four degrees of Force. Which was to be ex- 
lained. 
: The reaſoning is entirely like this in other Caſes, in which after the Se- 1143. 
paration the Bodies tend towards the ſame Part, or one is at reſt; but if they | 
are moved towards oppoſite Parts after the Stroke, the Difficulty is taken 
away by the fame Principles, as will appear by this Example. 

Let there be a Body A whoſe Maſs is 1. which with the Velocity 6, that 11 44. 
is, with the Force 36 *, runs againſt a double quieſcent Body B; we ſup- * -;-. 
poſe the Bodies perfectly elaſtick. After the Stroke B will. have the Velo- 
city 4, that is, the Force 32, and A will return with the Velocity 2, and 
will have the Force 4*. This, which was demonſtrated before, muſt 992. 11:0. 
now be illuſtrated. n 

Before the Figure is reſtored, both Bodies are moved with two degrees 

of Velocity *, and the Spring was bent with the Force 24+. If we con- * 992. 
ceive a Ship in which the Bodies after the Stroke, before the Separation, Þ 985. 934. 
are at reſt ; that is, whoſe Velocity is alſo two; the Bodies are ſeparated %* 
in it, with Forces, and Velocities, which are inverſely as the Maſſes * , 1089. 
B with the Velocity 2, and A with the Celerity 4; if the Spring had been 
leſs bent, the Forces would alſo have been inverſcly as the Maſles ; there- f 1088. 
lore, the Spring being relaxed in part, the Forces, and therefore the Ve- 
locities, are in this Ratio || ; therefore when B has one degree of Velocity || 791. 
in the Ship, A has two, and the Action of the Spring, is equal to ſix de- 
grees of Force; for this is the Sum of the Forces communicated. 
Then, conſidering the abſolute Motions, B has the Velocity 3, and A 
Is at reſt; but the Spring exerts the Force 18 remaining, whilſt in the 
Ship it communicates a ſecond degree of Velocity to the Body B, and a 
third and fourth to the Body A. B has now, ſetting aſide the Ship, the 
Velocity 4, and A returns with the Velocity, 2. 

The Body B, before the Spring is relaxed, has the Force 8 *; whilſt the 75 
Spring exerts the firſt ſix degrees of Force, A does not yct return, and we 
have the Caſe of N. 1142. therefore theſe ſix Degrees are communicated to 
the Body B, and beſides as much as A loſes, as we have explained this in 
J. 1140, that is, 4; and B has, in this Inſtant, the Force 18, which an- 
wers to the Velocity 3 *; for the Maſs is two. | 4 

One fide of che Spring now ſtands againſt a quieſcent Body, the other 
againſt a Body moved, and the Spring itſelf, hitherto, was wholly moved; 
ue NOW it is transferred in part only, and can repel the Body A, with the 

orce 45 therefore it can only impreſs the remainipg Force 14 on B“. Ai * 145 
added. 


* 
723. 


1146. 


* 992. 1110. 
+ 1125. 


added to the 18 Degrees, already communicated, give 32 Degrees, which 
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it really has, as appears from what is before demonſtrated, 

In the fame manner we illuſtrate an analogous Caſe. A Man projecting a 
Body impreſſes on it two Degrees of Velocicy, therefore the Force four. f! 
this were performed in a Ship carried with the Velocity eight, the Velocity 
of the Body would become ten, and the Force of the Body, which wa 
equal to ſixty- four, as long as the Body had the ſame Velocity with tie 
Ship, is now equal to an hundred, and the ſame Action, which in the 
Ship communicated four Degrees of Force to the Body, if we don't at. 
tend to the Ship, gave to the Body a Force, equal to thirty-ſix. If in. 
ſtead of the Action of a Man, to make it more regular, we ſuppoſc & 
Spring, which, communicates two Degrees of Velocity to the Body 
whilſt it is in the Ship, the Computation may be made, by a like Me. 
thod with the foregoing, the Maſſes of the Body and Ship being dete: 
mined at pleaſure ; but we put an end to the Difficulty more eaſily, if w: 
conſider, that the Body is at reſt in the Ship; and, if we do not attend to 
this, that it is moved; and that the Effect of the ſame Preſſure, whe: 
Intenſity 1s determined, follows the Ratio of the Velocity of the Point to 
which it is applied *. And that the Action, by not attending to the Ship, 
is ſo much the greater, as the Spring is moved with a greater Velocity t. 
gether with the Ship. 


SCHOLIUM iu. 
An Explanation of a Paradox. 


ROM a Property of elaſtick Bodies mentioned in N. 1128, i 
deduced the Explanation of a Paradox, not leſs remarkable than 


COmmon. 


Silver-Smiths that live in the upper Part of any Houſe, put an Anv: 
upon a Cuſhion, whereby the Anvil reſiſts the Blows of the Hamm! 
more, and the Houſe trembles leſs. 

Let us ſuppoſe, the Cuſhion being taken away, that the Anvil is put 
upon a Beam, the Anvil is an elaſtick Body; and the Beam, whoſe End“ 
are fixed, is alſo an elaſtick Body. Let us ſuppoſe the Anvil to be ſtruck 
with the Hammer. 

Let the Maſs of the Hammer be called M; the Maſs of the Anvil! 
and the Maſs of the Beam, together with the Bodies joined to t, and 
which are moved together with it, T; let alſo the Velocity of the Ham- 
mer be v. By multiplying M by v, and dividing the Product 9) 
the Sum of the Maſſes of the Hammer and the Anvil, we have itt 
half of the Velocity communicated to the Anvil *. For, tho the f- 
vil be put upon the Beam, it is moved as if it were ſingle + ; and its Vt. 
n 


Icc.ty " MAT 


; with which Velocity the Anvil ſtrikes the Beam and the 
2 | Bodits 
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Bodies joined to it 3 by multiplying the Velocity of the Anvil by the Maſs, 
2M x1I1xv | 


we have MET by dividing the double of this Product by the Sum 


of the Maſſes, we have == = = the Velocity of the Beam“. The e, 1128 
Denominator of this Fraction M x I + Ix1-+T x M + T x1, by reaſon 
of M being ſmall in reſpect of I and T, ſcarce differs from this othe 
MxI1+lxI+Tx1; which being laid down, the Velocity diſco- 

: nis 4 M xv 
vered is changed into this MEET 


A ſoft Body, namely a Cuſhion, being put between the Beam and An- 
vil, theſe Bodies do as it were make one Maſs ; and therefore, as now the 
Hammer ſtrikes a greater Body it ſuffers a greater Reſiſtance, and the Ve- 
locity communicated to the Beam is had by dividing 2 M x v by the Sum 


2 M xv 
MIT 
of the Velocity, the Cuſhion being taken away; wherefore the Agitation, 
this being taken away, can produce a quadruple Effect +. + 75 


of the Maſſes M +I +T*; and the Velocity is „the half * 992. 1110: 


CH AP. VI 
Of Compound Motion. 


Fa Body be mov' d, and its Celerity is to be increas'd, or diminiſh'd, 
the Direction remaining, it is evident, that an Impreſſion is re- 

quir'd, which 1s proportional to the Difference of the Squares of the 
Velgcily, which the Body had before the Action, and of that which it 
las after the Action; tor the Force communicated, or taken away, 
is proportional to this Difference *. 7 753. 

Let us ſuſpoſe two Actions, at ths ſame time, to act upon the 11 48. 
Body, in the ſame Direction. Whilſt the Velocity is increas'd, the 
Force impreſs'd on the Body increaſes in the duplicate Ratio of 
this *; that is, the Increaſe of the Force follows the Proportion of, 
the Increaſe of the Triangle, which, whilſt it is increas'd, keeps 29! 
the ſame Angles, and one of whoſe Sides repreſents the Velocity ; PLXXXVIIT: 
the Force whilſt the Velocity is A g, is to the Force, when the- 159. 1 G 
Velocity is A, as the Area Agr isto Als. g 


1147. 


I. Et 
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Let us conceive the Actions to act upon the Body alternately 
during equal Intervals of Time; that by the firſt Action the Force 
A do is communicated, by the ſecond the Forced op 2; again, that 
by the firſt Action the Force p e f g, and by the ſecond fq rg is com. 
municated, and ſo on: the Sum of the white Areas repreſents the 
whole Force, communicated by the firſt Action; and the Sum of 
the black ones denotes the whole Force, impreſs'd on the Body 
by the ſecond Action. As the Actions acted during equal Times, 
theſe Forces, namely, the Sums of the Areas, are as the Actions 
themſelves ; in which Ratio alſo is any white Area whatſoever to 
the black one next to it. If the Moments of the Time were inh. 
nitely ſmall, as they are, when the Actions act together, theſe 
Areas may be look ' d upon as Parallelograms, and the neighbouring 
Parallelograms will have the ſame Height; and will therefore be 

* 1. El. 6. to one another as the Baſes * : therefore the Baſe of a white one is 
to the Baſe of a neighbouring black one, as the firſt Action is to the 
ſecond ; and in the ſame Ratio is the Sum of the Baſes of the white 
Parallelograms to the Sum of the Baſes of the black; that is, /s 7s the 
Velocity, which the firſt Action communicated, to the Velocity, ariſing 
From the ſecond, Which ſame Demonſtration takes place in any 
Acceleration of a Body whatſoever, when many Actions drive it 


together. 
1149. If there be an Action given upon a Body in motion, in a Di- 
rection different from that of the firſt Motion, we have ſeen above 
* 357, that there is a Change given in the Direction &; and we have ex- 
+ 460; amin'd what relates to the Velocities in this Caſe ; we muſt now 


ſpeak of the Forces. Let the Body be mov'd along AD, with a 

Mains Celcrity repreſented by this Line; and let a new Force drive it 

Fig. 2. 3. 4. along AE, with a Celerity denoted by this other Line; the Body 

1150. carried with two Celerities is mov'd along AB *. Yet an equal 

®* 360. lateral Velocity is not communicated in all Caſes, by an equal Ipre/- 

fron, We put AB, and A E, in theſe three Figures, reſpectively 

equal: in Fig. 3. the ſecond Motion, in part conſpires with the 

firſt Motion; fo that in this Motion the Acceleration of the Mo- 

tion along AD is contain'd. In the ſame manner the Retardation 

of the Velocity along A D is contain'd in the Motion along A E in 

Fig. 4. Therefore the Impreſſions, by which the Bodies are driven 

along AE, that they may communicate the Velocity denoted by 

7 this Line to each of the Bodies, are not equal to one another *, 0! 

to the Impreſſion, whereby this Velocity could be communicated 

4707. to a quieſcent Pody . In 
2 


One 5 © Oe TOO 
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In the Caſe of Fig. 2. only, where the Angle EAD i a right 1151. 
one, the lateral Motion neither conſpires with, nor acts contrary to, : 
the Motion along AD; and the Impreſſion, whereby the Body is 
mov'd, acts upon the Body, as if it were at reſt: therefore, in 
this Caſe, the Force communicated to. the Body is proportional to 
the Square of its Velocity“; and as the Impreſſion, whereby the 53. 
Motion is chang'd in this Caſe, has nothing common with the firſt 
Motion, it cannot diminiſh the firſt Force, which acts in the Di- 
retion AD: therefore the whole Force, which the Body now 
has, is proportional to the two Squares of the Lines AD and AE, 
which agrees with what is demonſtrated ; for the Body is carried 
with the Celerity A B *, whoie Square is equal to the two Squares“ 369. 
mention'd F. + 47 El. 1. 

From this the Meaſure of the Forces, if it were unknown, 1152. 
might be diſcover'd. To a Body, which has a Force, anſwering 
to the Celerity A D, a Force is communicated, which anſwers to 
the Velocity AE; which being communicated to the Body, as if 
it were at reſt, cannot alter the firſt Force ; therefore the whole 
Force of the Body is equal to the Sum of theſe Forces, whilſt its 
Velocity is AB; therefore the Force, which anſwers to this Velo- 
city, is equal to the Sum mention'd. Which can't be in every 
Caſe, unleſs the Forces are proportional to the Squares of the Velo- 
cities *. * ,- Fl. 5. 

From hence we deduce, that it matters not, either with reſpect 1153. 
to the Impreſſions, whereby the Body is mov'd, or with reſpect to Pltc 
the Forces, or Velocities, whether the Body be carried along A B - 3 . 
with the Celerity A B, or along A D and AE with Celerities pro- 
portional to theſe Lines, which contain between them a right An- 
gle. Wherefore the Motion along A B, according to a Direction as 1154. 
APD, contains nothing but the Motion with the Velocity AD. 

We alſo infer, that the Motion of a Body may be reſolv'd into two 11 555 
others, many ways; which will be done, if a Line, which is plac'd 
in the Direction of the Motion given, and denotes the Celerity by its 
Length, be the Hypotenuſe of a right-angled Triangle; for the two 
other Sides of it wall, by their Situation, give the Directions of the 
Metions ſought, and by their Lengths reſpectively expreſs the Velacities 
of them : and the Forces in theſe Directions will be proportional to the 
Squares of the Velecities. 5 | 

Now to determine, with what Force a Body muſt be mov'd along 11 56. 
AE, that the Celerity AE may be communicated to it, in the Cale o_ — 
in which this Motion conſpires in part with the firſt Motion; I re- ig CE Ml: 

o1., I, Nn ſolve 
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ſolve the Motion along AE into two Motions along A/ and A g 
containing a right Angle, and E is drawn parallel to A/. Along 
Af, ſuch a Force muſt be communicated to the Body, whereby 
the Body, if it had been at reſt, might have been carried with thi 
Celerity, and which is proportional to the Square of A*; but 
along Ag a Force muſt be communicated, whereby the Celerity 
A D may be increas'd by the Quantity Ag; that is, may become 
A h; which Force is proportional to the Difference of the Squares 
of Ah, AD#*. Theſe Forces will be to be communicated toge- 
ther along AE, that the Body may be carried with this Celerity z 
and the whole Force of the Body will be proportional to the Square 
of the Line A D, the Difference of the Squares of the Lines A 
and A D, and the Square of A; the two firſt of theſe three Quan- 
tities being collected into one Sum, we have the Square of the Line 
AB; to which that the innate Force of the Body is proportional, 
follows from what has been demonſtrated before *; ſince it is ma- 
nifeſt, that the Body is carried with the Celerity A B +. 

If we reſolve the Motion along A E, after the fame manner, into 
the two Motions along Af and Ag *; the Motion along AD is 
retarded by this ſecond Motion ; whence it follows, that, to car 
the Body along AE, with a Celerity repreſented by this Line, a 
Force muſt be communicated to it, which is proportional to the 
Square of A/; and the Impreſſion, with which it is mov'd, ſhould 
moreover be able to diminiſh the Velocity AD by the Quantity 
Ag : In this Caſe, the Body will only have a Force remaining 
along the Direction AD proportional to the Square of A þ ®; to 
which, if there be added a Force proportional to the Square of 
Af +, we have a Force proportional to the Square of AB; which 
again agrees with what has been demonſtrated before ||. 

It plainly follows from what has been demonſtrated before *, that 
this Propoſition, that the Force follows the Proportion of the 
Square of the Velocity, can't be referr'd to that, with which an- 
other acts in the ſame Line; for this Reaſon, when we reſolve the 
Force into two, theſe Forces will not be proportional to the Squares 
of the Velocities, unleſs the Directions of both contain a right An- 
gle; for otherwiſe they may conſpire in part, or act contrary to 
cach other *, 

From whence we infer, that he Force refolv'd can't be reſclo d 
again in ſuch manner, that each may be proportional to the Squares 
of the Velbcities. The Motion along A B is refolv'd into two Mo- 
tions of the ſame Body along A D and AE, and the Forces are pro- 

| portional 
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ortional to the Squares of the Velocities ; but if the Motion along 

AE be divided again into two, along AF and AG, containing 

a right Angle, theſe laſt Forces will not be proportional to the 
Squares of the Velocities ; and we can't apply here what is ſaid 

in N. 1155, in which we treat of Forces, which do not only not 
conſpire together, nor act contrary to one another, but have no- 
thing common with a third. But here the Motion of the Body 
along AB is reſolved into three Motions along AD, AF, and 
AG; in which AF and A D conſpire in part, AD and AG 

in part act contrary to one another; and it is manifeſt from what 

has been before demonſtrated *, that the Reſolution, which may « ... 
be applied to the Velocities, as the Demonſtration of N. 360, is 
the ſame, whether the Motions conſpire in the Refolution, or act 
contrary to one another, can't be referred to the Forces. 

In N. 1156, 1157. the Motion along AB is compounded x 169. 
of two, one of which we reſolve. into others, but in ſuch PLXXXVIH 
manner, that all the Motions after the Reſolution might be * 
given in two Lines, containing a right Angle: wherefore the 
Motions in- each of the Lines, might be conſidered ſeparately; 
which never can be done, when various Motions are given in 
more than two Lines; for then ſome Motions of neceſſity 
conſpire in part, or act contrary to one another: we have de- 
monſtrated nothing concerning theſe, yet they may be de- 
duced from the ſame Theory of Forces. But this belongs not 
to this Place; for there is not given a Solution of one Force 
into three others, except there are given three Actions, which 
can't be determined ſeparately, but ſhould always be conſi- 
dered together ; but we ſhall ſee in the following Chapter, that 
there is often given one Action only, when the Force is reſolved 


into two; which therefore may be conſidered ſeparately, and de- 
termined, 


* 


. 
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C HA P. VIII. 
Of Obligue Percuſſion. 


DEFINITION I. 
1161. HAT ts called the Angle of Incidence, which the Direction 


of the Motion of a Body, moving towards another, mates 


with a Perpendicular drawn to the Surface of it in the Point, in 
which it is ſtruck, 


DEFINITION 2. 


1162, The Angle of Reflection is that, which the Direction of the Mi- 
2 : of a Body after the Percuſſion, makes with the ſame Perpen- 
cular. | 

1163. Fan elaſtick Body P, runs obliquely againſt a fixed, elaſtick Ol. 
PLXXXVIII facile F G, in the Direction Pa, it will return along ap in ſucb 
Pig. 5- manner, that the Angle of Incidence Pa B will be equal to the Angle 
of Reflection B ap. The Motion along Pa, which we ſuppoſe to 
repreſent the Celerity of the Body by its Length, may be reſolved 
into two, the Direction of one of which is parallel to the Line 
Ba, of the other perpendicular to it; and the Body will run a- 
gainft an Obſtacle at a, as if it came to it with the Celerities Ca, 
1145. Ba, and according to theſe Directions *, The Motion along Ce 
is not changed by the Stroke, and the Body continues its Motion 
with the Celerity a E, Ca and à E being put equal; with the 
Motion along Ba it runs directly againſt the Obſtacle, and re- 
+ 1c85, turns along the fame Line +, that is along « B, with the fame Ce- 
lerity with which it went; but the Body being carried with thele 
two Motions returns along 4%, the Diagonal of the Rectangle, 
360. formed by the Lines a E, @B || : but it is plain that the Triangles 
BPo, Bap are equal; whence appears what was propoſed. BY 
a like Method we diſcover the Motions of Bodies ſtriking again! 

each other obliquely. 3 | 

116 The Body Q is at reſt; the Body P ſtrikes againſt it, in the 
PLXXXVI11 Direction and with the Celerity PA. Through the Centers of 
Fig. 6. 7. both Bodies, when P comes to A, draw the Line DB, and PÞ 
perpendicular to it, and compleat the Parallelogram AB O; the 


Motion along P A is reſolved into two others, along P B and P 8 
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or BA, CA*, The Body P does not act upon the. N Q by 1135. 
its Motion along CA; therefore the Action ariſes from the Mo- 
tion along B A only, that is, the Body P, acts upon the Body Q, 1165. 
by an oblique S troke along P A, with the Celerity P A, in the 7 
manner as if it ſhould run againſt it directly along B A, with the 
Celerity B A. Wherefore the Motion of the Body Q from that 
Action, whether the Bodies are elaſtick or not, is determined 
from what has been ſaid of direct ſtriking. | 
The Motion of the Body P after the Stroke is deduced from the 1166. 
ſame Principles. The Motion along CA is not changed; there- 
fore the Body P is carried in the Direction AE, with that Mo- 
tion, with equal Celerity ; therefore let A E be equal to C A. 
The Change of the Motion B A is determined in reſpect of the 
Body P, after the ſame manner as the Motion of the Body Q is, 
from what has been cxplained concerning direct Colliſion. Let 
the Celerity after the Stroke be AD, in Fig. 6. when the Body 
goes forwards, and in Fig. 7. when it goes backwards. From this 
Motion, and the Motion along AE, ariſes a compound Motion 
along the Diagonal A/, which by its Situation, and Length, re- 
preſents the Direction, and Celerity of the Body P after. the 
Stroke *. | 9360 
When the Bodies are equal, and elaſtick, the whole Motion along 1 167, 
B A. is deſtroy'd by the Percuſſion *, and the Motion along CA. 1125. 
only remains; in which Direction the Body P is then alſo carried. 
In this Caſe always, both Bodies, after the Stroke, are ſeparated 


in Directions, containing a right Angle, in what Manner ſorver the 
Body P comes to the other. 


4A Macuine, 
We be . 1 2 Experiments concerning ebligue, aud compound Ci 168. | 
6. pl. XXXIX. 
Two wooden Planes CDE, CDE, whoſe Sides CD, CD, are big 1. 
about three Feet and a half long, and the Sides DE, DE, a Foot 
and a half long, being put into a vertical Situation, and faſtened 
together by the Hinges A and B, are diſpoſed in ſuch Manner, 
that they may make any Angle whatloever. ä 
The Experimeats are made with this. Machine, with ivory Balls of 
an Inch and an half Diameter. 
Theſe Planes are ſo joined together, that if other Planes be ſup- 
poſed parallel'to theſe, at a Diſtance a little greater than the Semi- 
atmeter of the Balls, their Interſection may be the Axis itſelt 
; about. 


PI. XXXIX. 
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about which they turn: which is performed if Hinges as G b. 
made uſe of, (Fig. 2.) whoſe Parts &, &, are faſtened in the Wood 
for the greater Firmneſs. : 

In the Center of the upper Hinge A, there is joined to it a ſmal 
Cylinder a, (Fig. 2.) in whoſe Baſe there is a Hole, which 
joined to another ſide one fo, that the Thread 7 ma 


y paſs through 
both, whereby the Ball P is ſuſpended, and which is faſtened by a 


Pin. 

By help of the Screws F, F, F, F, F, the Machine is put into 4 
vertical Situation ſo, that the Thread Yi may coincide with th: 
Axis of the Machine. 

At mm, m, two Pins are inſerted in the Planes mentioned; from 
theſe the Balls Q, Q, are ſuſpended, at ſuch a diſtance from the 
Planes, that each may almoſt touch that, to which it is applied; 
that is, that a Line, which is conceived to paſs thro' the Centers 
of the Balls P and Q, may be parallel to this Plane. It is more- 
over required, that theſe Balls, being placed at the ſame Height, 

may touch one another. | 

The Threads, whereby the Balls Q and Q are ſuſpended, g9 
thro' Holes in the Pins before-mentioned, and are faſtened to the 
Pins 1% that they may be raiſed, and let down conveniently, and 
that the Centers of all the Balls may be ſituated in the fame Plane. 
pzrallel to the Horizon, A Braſs Ruler R, bent fo, that the Ball 
P in its Motion may aſcend along it, is turned about one of the 
Ends, and the Center of Motion coincides with the Axis of the 
Machine. It is of uſe to. mark out the Way of the Ball P, and 
the Height to which it aſcends. 

Each of the Balls Q is let down along the Plane, to which it i: 
applied; and the Height, from which it is let down, is obſerved 
by means of the Index faſtened to the Plane; for which purpolc 
there are four Holes in each Plane, which point out equal Angles, 
in reſpect of the Motion of the Threads. 

When the Ball Q is let down from a certain Height, it ſtrixcs 
againſt the Ball P; and drives it forward in the ſame Direction. 


EXPERIMENT-T:; 


There is here repreſented an horizontal Section of this Machine, 
on which are ſuſpended the Ball P, and one of the Balls Q; the 
Planes being ſet to a right Angle, with whatſoever Direction, and 
from whatſoever Height falling, the Body P ſtrikes * 0 
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Body Q, after the Stroke the Bodies move in the Directions of the 
8 the ſame Principles, from which we deduce the Motions 
of the Bodies, when one is at reſt we alſo determine the Motions 
of two Bodies after the Percuſſion, when both are moved, howſo- 
ever they be carried againſt one another. The chief Caſes are re- 
preſented in Plate XXXVIII, and all are reſolved after the ſame 
ner. 

"Lo the Body P be moved in the Direction and with the Celeri 1171. 
PA; the Body Q in the Direction and with the Celerity Qa; pI.xXXXVIII 
draw the Line B5, paſſing through the Centers of both Bodies, Fig. 8. 9. 10. 
when they touch one another; let C A and c @ be perpendicular to 3. 
this Line, and complete the Parallelograms PB AC and Qbac. 

The Motion of the Body P is reſolved into two others, the Celeri- 

rities, and Directions of which, are repreſented by CA, BA. 

The Motions, into which the Motion of the Body Q is reſolved, 

are repreſented by ca, ba. The Bodies don't a& upon each other, 

by the Motions along C A and c a ; therefore theſe Motions are not 

changed, and after their Meeting they are repreſented by A E and 

ae, which are equal to CA and ca, The Percuſſion from the 

Motions along the Lines B A, 6 a, is direct, and is determined in 

the 4th and 6th Chapters. Let the Motion of the Body P be to- 

wards D, and its Celerity AD; the Motion of the Body Q to- 

wards d, and its Celerity ad; therefore after their meeting the 

Motion of the Body P is compounded of the Motions along AE 

and AD, and it is moved along the Diagonal Ap. The Motion 

of the Body Q after the Stroke is compounded of the Motions along 

ae and ad, and this Body is carried along the Diagonal a 9; and 

the Lengths of thoſe Diagonals repreſent the Celerities of the Bodies 

after their meeting k. In Fig. 8, 9, and 10, the Bodies are up. 9360 
poſed to be non-claſtick. Fig. 11, 12, and 13, repreſent the 

lame Caſes, when elaſtick Bodies are given, In Fig. 8. ſome Let- 

ters are wanting ; becauſe the Points, denoted by them, coincide 

with others. | 

By this Method we reduce oblique Strokes to direct ones in the 1172 
Line, in which if the Bodies were moved, they twould really concur 

aHreetly ; in this Line the Changes of the Velocities are inverſely as 

the Maſſes *, the lateral Velccities not being changed. We have now, » 
demonſtrated this in a peculiar Caſe, in which the Directions of ph 
the lateral Motions make a right Angle with the ſaid Line, 


I 170, 


And © 
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Aud this Propoſition is univerſal, howſoever the Reſolution of 
the Motions be made, if both be but reduced to the ſaid Line. 

Let the Directions of two Bodies meeting at C be AC, BC, 
F. / the Line in which the Percuſſion is direct; AL, BM, per- 
pendicular to it ; we have now a rectangular Reſolution of the 
Motions ; of the firſt into AL and LC, of the ſecond into BM, 
and MC, as in N. 1171. With the Motions LC, MC, the Bo. 
dies concur directly, and LC, C / being put equal, as alſo MC, 
Cm, if m7 be divided at O, ſo, that O may be to O /, as the 
Maſs A is to the Maſs B, CO will be the Velocity common to 
both Bodies after the Stroke. A Perpendicular to F f being e. 
rected at O, let O be equal to BM, and Oà equal to LA; 
we have Ca, which repreſents the Direction, and Velocity of the 
Body A, after the Stroke; and C6 repreſenting the ſame with 
_ reſpect to the Body B ®. | 
M ben the Bodies are not elaſtick, of which we ſpeak here, they 
are not ſeparated after the Percuſſion, their Motions being referred 
to the Line in which the Percuſſion is direct; that is, hey are 
continually, whilſt they remain in Motion, in the fame Perpendicular, 
to the very Line, in which the Percuſſion is direct. 

Let us now return to the firſt Motions along A C, BC, the 
Velocities of which theſe Lines expreſs; we reſolve theſe at 
pleaſure, into the Motions along AF, FC, and BG, GC, b 

that, for each Body, one of the Motions may be given in the Line 
F/, in which the Percuſſion is direct. We muſt now demonſtrate 
this; that the lateral Velocities AF, B G, are kept, the direct ones 
FC, GC being changed in an inverſe Ratio of the Maſſes of 
the Bodies A and B. Let the Motion after the Percuſſion be re- 
ſolved ; the Motion along Ca, ATI being drawn parallel to AF, 5 
reſolved into the Motions along CI and I a; and & H being drawn 
parallel to B G, the Motion along C & is reſolved into two along 
CH and Hz. The Triangles aIO and ALF are equiangutar, 
becauſe their Sides are reſpectively parallel; but we made the 


I I. Sides 2 O, AL equal + ; therefore I a, AF are alſo equal. After 


the ſame manner we demonſtrate that the Velocities are equa, 
which are repreſented by the Lines BG, Hb; and it is manifeſt 
that each Body keeps its lateral Velocity. . 
Let us ſuppoſe C/ equal to FC; and Cg equal to C G: 
the Velocities in the Line F/, before the Percuſſion were Cg, 
C/; after the Percuſſion they are CH, CI; therefore the Changes 
are g H, I/, which we affirm to be inverſely as the Maſles, P 
2 ? 
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is, directly as A is to B. By reaſon of the Equality of FC, Cf, 
as alſo of LC, C% FL, / f are equal. In the equiangular and 
equal Triangles A FL, aOI, the Sides FL, OI are equal ; 
therefore /, OI are equal ; FI, which is common, being taken | 
away, (or added if the Figure requires it) there remain O /, I f, I} 
which are equal. After the ſame manner we demonſtrate n O, 
gH to be equal. But m O is to Ol, as A is to B; therefore | 
| gH is alſo to IF in the ſame Ratio of A to B. Which was ll 
I to be demonſtrated, 
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CHAP. IX. 


7 Of Double Colliſion. 


E call that Compound Collifion when many Strokes take place, 

\ y at the ſame Time, in the ſame Body. 

This happens, when more Bodies than two meet ; or when one 
Body runs againſt many Planes, at the ſame Time. 

In this Chapter I ſhall examine ſome Things relating to the 
ſtriking of a Body againſt two Planes, and ſome Things concerning 
the Collifion of three Bodies, in ſuch Caſes in which there are given 
but two Strokes; I ſhall afterwards ſpeak of three Colliſions. 

The Body P runs againſt the Angle G CF, with the Velocity 
AP, in the Direction AP; we muſt determine with what Action 
it runs againſt each of the Planes GC and FC. 

We muſt obſerve, that the Body loſes its whole Force, for we 
ſuppoſe the Obſtacle fixed. | . 

: Bax AB and AD, which make Right Angles with C G and 
CF; let PE and PH be reſpectively parallel to theſe. 

Now if we ſuppoſe the Body P, to be carried along AE and 
AH in the fame Time, with Velocities proportional to these 
Lines, it will really be moved along AP, with the Velocity AP“ 
therefore we may conſider the Body, whilſt it is moving to P, to 
be carried with the Velocities H P and EP, and to run againſt the 
Planes CG, CF, directly, and according to theſe Directions; {0 
that the Queſtion may be reduced to this, With what Force can a 
Body act along AE and AH, at the ſame Time? 

If the Angle F CG were a Right one, the Angle EAH would 
be a Right one alſo; therefore theſe Motions would neither act 
contrary to each other, neither would they tend towards the ſam: 
Part; and their Actions would be proportional to the Squares of tlie 
Velocities AE, and AH#, ba 
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Bat when the Angle, which the Planes make, is acute, or ob- 
tuſe ; you muſt draw E L, HI perpendicular to AP, as in theſe 
Figures. In the Motion along A E the Motion along AP is 
contained, with the Velocity A L; in the Motion along AH 1s 
contained the Motion along A P, with the Velocity AI; and 
there is nothing elſe of the Motion along AP, contained in 
theſe Motions, by reaſon of the Right Angles ALE, and ATH*; " 5 
ſo that it matters not, with reſpe&t to the Motion of the | 
Body, whether it be moved along AH and AE at the ſame dl 
Time, with Velocities proportional to theſe Lines ; or in the Line ! 
AP, with the Velocities AI and AL. In both Caſes the Body | | 
is really moved along A P, with the Velocity AP; which is there- 
fore equal to both the Velocities AL, AI, which alſo appears 
elſewhere, For AL and IP are equal by reaſon of the ſimilar and 
equal Triangles A EL, HIP having their Sides reſpectively pa- 
rallel, of which AE and HP are equal x. * 34, El. i. 

Now ſince the Motion along AL is contained in the Motion 
along AE, whereby it acts againſt the Plane GC; and the Mo- 
tion along AI is contained in the Motion along A H, whereby 
the Body acts againſt the other Plane; it follows that the Actions 
againſt the Planes are the Forces, whereby the Body is carried, at 
the ſame Time, with the Velocities AL and AI: but theſe 
Forces are as the Velocities themſelves * ; and the whole Force of * 1148. 
the Body, which is proportional to the Square of the Velocity AP, + 753: 
ſhould be divided into two Parts, which are to one another as A L 
7 AT; theſe Parts are the Rectangles A P by AL, and AP by 


If, the Angle G CF being ſuppoſed obtuſe, the Direction of 1178. 
the Motion AP makes an obtuſe Angle alſo with one of the Legs, Plate XLI. 
as CF, the Body exerts an Action againſt this laſt Plane only, pro- ©: 3: 
portional to the Square of the Line A D, perpendicular to F C, 
and does not loſe its whole Force by the Stroke; but continues its 
Motion after the Stroke along CF, with a Velocity proportional to 
the Line D C. 

Theſe Tnings follow from the Reſolution of Motion * ; for we * 11353. 
demonſtrate elſewhere that there is no Action given againſt the 
Plane G C. . 

In the Caſe of Fig. 2. where the Angle, which AB makes with 

'E, 18 an acute one, the Action againſt the Plane G C is dimi- 
niſhed, this Angle being encreaſed ; if it be a Right Angle, as in 
Fig. 3. the Direction of the Body being a P, the Diagonal A P of 
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the Parallelogram AE PH coincides with the Side A H, and the 

Sides AE and AL vaniſh, and together with theſe the AQica 3. 
2m the Plane G C is alſo taken away *; which therefore, the 

Inclination of the Way of the Body with reſpect to this Plane he. 
ing encreaſed, will be loſt. 

In determining what relates to the direct Colliſion of three Bo. 
dies, moved in the ſame Line, we make uſe of a Method like that, 
which we uſed in Chap. 4. where we ſpoke of the Colliſion of 
two Bodies. Where three Bodies are given, there are two reſpec 
tive Velocities given, upon which depend the Actions of the Bodies 
upon one another *, and the Introceſſions of the Parts, which, the 
Bodies remaining, and theſe two Velocities, is always the ſame ; 
and therefore the Force deſtroyed by the Stroke alſo *. 

When the Bodies are at reſt after the Stroke, the Sum of the 

Forces is the ſmalleſt of all, the reſpective Velocities being given; 
for if a leſs Sum ſhould be given, a leſs Force would be deſtroycd 
by the Stroke, which cannot be “. 
But we demonſtrate in Scholium 1. of this Chapter, That the 
Force, the reſpective Velocities being given, is the ſmalleſt of all, if 
two Bodies being moved towards the ſame Part, another be carried 
towards the contrary Part in ſuch Manner, that the Product of the 
Maſs of this laſt Body by its Velocity may be equal to the Sum of 
the Products of the Maſſes of the other two, of each multiplied into 
its Velocity, 

But that in this Caſe the Bodies are at reſt after the Stroke, and 
that therefore the Sum of the Forces is the ſmalleſt of all, we 
alſo deduce from what is demonſtrated concerning the Colliſion of 
two Bodies, to which we refer the Colliſion of three Bodies. 
Let there be three Bodies A, B, C; let the Velocity of the firſt 
be fb; of the ſecond g i; of the third /z, We ſuppoſe the Pro- 
ducts of A by F b, and B by g, 7, taken together, to be equal to 
the Product of C by /7. 

Let us ſuppoſe the Body C to be reſolved into two Parts D and 
E in ſuch manner, that D being multiplied by 17, may be equal 
to A multiplied by / J, and E being multiplied by Ji may be equi) 
to B multiplied by g 7; that is, let D be to E, as A multiplied b) 
b is to B multiplied by g i. In this Caſe A is to D, as 17 5t9 
Fb and theſe Bodies meeting are at reſt after the Stroke T : B 
and E alſo are at reſt||; becauſe B is to E, as /z is to g. But 
theſe four Bodies do not differ from the three given, Which are 
moved with the Velocities mentioned. The 


| 


The Force loſt in any Stroke whatfoever; the reſpective Veloci- 

ties being given, is equal to the Sum of the Forces, in the Caſe in 

which the Bodies are at reſt * ; but this Sum can be expreſſed on- 1179. 
ly by the reſpective Velocities given; and as is demonſtrated in 

Scholium 1. In every direct Concourſe of three Bodies, the Force 11 83. 
, follows the Proportion of the Sum of the three Products, which 

are made, by multiplying the two Maſſes into one another, and by the 

Square of their reſpectiue Velocity, this Sum being divided by the 

Sum of the three Maſſes. 

The Bodies A, B, and C being given; 1. The Maſs of the Bo- 

dy A muſt be multiplied by the Maſs of the Body B, and this 
Product by the Square of the reſpective Velocity of A and B. 
2. The Product of the Maſs of A by the Maſs of C muſt be 
multiplied by the Square of the reſpective Velocity of theſe Bo- 
dies. 3. Laſtly, the Maſſes of B and C being multiplied into each 
other, the Product muſt be multiplied by the Square of the re- 
ſpective Velocity of theſe Bodies; but the Sum of theſe three Pro- 
duct muſt be divided by the Sum of the Maſſes, and we ſhall 
have the Force loſt by the Stroke. 

If the three Bodies are not elaſtick, for of ſuch we ſpeak, after 1184. 
the Stroke they are carried with the ſame Velocity “*, and this is » 93g. 
the Velocity, which a. Ship would have, in which the Bodies 
ſhould be moved according to the Law mentioned in N. 1181; 
becauſe after the Stroke the Bodies would be at reſt in the Ship, 
being carried with the ſame Velocity with the Ship. Ve diſcover 
the Velocity, of the Ship in Scholium 1. and it is had, by multiply- 
ing the Maſſes of all the Bodies by their Velbcities, and dividing 
the Sum of the Products by the Sum of the Maſſes, if the three Bo- 
dies tend towards the ſame Part; if otherwiſe, the Products of the 
contrary Motions muſt be ſubtracted one from the other, 

We ſee that what relates to the Collifion of three Bodies, agrees 8 1185. 
in many Things with what has been demonſtrated concerning 

two Bodies, which alſo may be referred to what has been demon- 

ſtrated concerning the Changes of Velocities in an inverſe Ratio of 

the Maſſes *. For as we demonſtrate in Scholium 1; The Changes * gs- 
of the Velocities of two Bodies, arifing from the mutual Action of theſe 1186 
Bodies in Callifion, are inverſely as the Maſſes of the Bodies, although 
= Motion of one of them be changed by another Aclion alſo, at the ſame 

Ie. 

"Now if we ſuppoſe the Bodies to be perfectly elaſtick, theſe are 1187 


moved, in the Ship mentioned, by the Action of the Spring ny. 
. an 
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| and they mutually recede from one another with the ſame Celeri. 
ties, and with the Forces, with which they came towards one 
another; for in this Caſe each of the Springs, Which, whilft they 
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are relaxed, generate Forces equal to thoſe, with which they were 
bent *, undergoes a Reſiſtance required to produce this Effect, 
namely a Reſiſtance equal to that, which they underwent in the 


bending ; for a Body reſiſts in the ſame Manner, whilſt it loſes 3 


certain Force, and whilſt it acquires it *. 

Whence we deduce this general Concluſion, That tbe Change of 
Velocity, in the firiking of any elaſticl Bodies whatſoever, is, with 
reſpect to all the Bodies, double of that, which auld take place in tle 


fame flriking againſt one another, if the Bodies were non-elaſlict : 


therefore the Rules of N. 1110: 1111. may be applied here allo. 

In this Demonſtration we ſuppoſe the elaſtick Parts of the Bo- 
dies to be preſſed inwards, "oy by the mutual Action of the two 
Bodies A and B; that is, that that Spring only is bent, which is 
between theſe. Bodies, when they meet at 2, 6; and that no part 


of this Action is transferred towards bending the elaſtick Parts be- 


tween 6 and c. 


That theſe Things are ſo, it ſeems to follow from the very ſud- 


den bending of the elaſtick Parts, and the returning of them, 


which we have ſhewn before k. 
But if we ſuppoſe the Parts to be preſſed inwards more ſlowly, 
as the Parts of foft Bodies are, elaſtick Bodies are not ſeparated in 


the ſame Manner, as they came towards one another, and it is 


more difficult to determine their Motion, 

For in the Concourſe of three faft Bodies A, B, and C, which 
come together at the ſame Time, the Introceſſiuns are equal between 
4 and b, and between 4 and e; tho" their Actions are unequal: 


for whilſt C acts upon B, if this Action exceeds the Action, which 


A exerts upon B, at the oppoſite Part, c does not only preſs in- 
wards the Parts between + and c, but it alſo preſſes & ſo, that the 
Action between 6 and @ is increaſed ; wherefore by the mutual 
Action of the Bodies c and 5, not only the Parts between theſe Bo- 
dies are preſſed inwards, but the Introceſſion of the Parts between 
a and c is alſo encreaſed; and this Action is diſperſed in fuct 
manner, that 5, which is at reſt between @ and c, is equally preſſed 
on both ſides : wherefore, the Introceflions on both Sides, if the 
Parts yield inwards with equal Eaſe, are equal; but the Sum of 
both Cavities follows the Proportion of the Force deſtroyed." 


* 841.934. making them *. 


ExPE- 


Chap. 9: | { of Natural Philoſophy. 287 
| E 4 EK b Gi 1. | 


| 1a this Experiment we make uſe of the Cylindrick Box O, two x 191. 
Inches and a quarter long, which is hollow at each End, to the Pl. xxVII. 
Depth of more than half an Inch. Theſe Cavities are filled with Fg. 11. 


Clay, as was done in other Paperiments * This * is ſuſ- * 939. 969. 
c 


ended by four Hooks, of w v, v are as far diſtant from one 
Fach as . V are from the other; but v and its correſponding 
Hook Vare an Inch and an half diſtant from each other. 

We muſt now make uſe of the Machine, which we have often f, XVI. 
uſed before *, and ſuſpend the Box mentioned in the Middle of it, * 260. 
the middle Hooks g / and b, 7 being faftened in ſuch manner, 
that the Diſtance between them may be an Inch and half +. + 764. 765. 

The Hooks next to theſe are moved towards them ſo, that the 
upper Plates may come together; the reſt are moved from theſe 
in ſuch manner, that the Diſtance between the Hooks may be three 
Inches: which may be eaſily done, if the Length of the Rulers þ 5 
and 4d be fo determined, that there may be this Diſtance be- 
tween the Hooks, when the laſt ſmall Tubes, to which the Hooks 
are joined, are femoved, as far as poſſible, from the Middle of 
the Ruler; as is repreſented in the Figure. 1 

We muſt now ſuſpend at the Sides of the Box the two Rect- 
angles *, often made uſe of in the Experiments; and join to them Plate XL. 
the ſimilar Cones h, H +, one of which we made uſe of in the 2. 22 
5 8. Experiments of Chap. 3. of this Book. But ſuch is the + 738. 551. 

ifpoſition of the Hooks in the Machine, that, if you reduce 
the Threads to their due Length, the Bodies, when at reſt, are in 
the ſame Horizontal Line, and the Vertices of the Cones touch 
the Clay, in the Centers of the Baſes of the Cylinder, which 
contains it, We meaſure the Velocities, as we did in other like 
Experiments. 

Now let the Maſs of R be two, the Maſs of 8 nine; both 1192. 
dies are let go at the ſame Time in ſuch manner, that they may 
together run againſt the Body O at reſt, S having two degrees of 
Velocity, and R ninc; after the Stroke they will be at reſt , 
allo, a8 in Experiment 4. of Chap. 4. of this Book “: but the 
Cavities will be equal to one another, and together equal to the 
Cavity, which we had in the Experiment mentioned, if we make 
ule of the ſame Clay; as is diſcovered by mcaſuring the Cavities, | 


and is eaſily deduced from the following Experiment. 
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The Force deſtroyed, in the Experiment mentioned * 


„is 198 +. 
the ſame is deſtroyed here. alſo; therefore each of the Cute 


equal to 9g *: which we demonſtrate by the following Exper. 
ment al T OY Ao ee 


* EXPERIMENT 2,' ' ! 

The Surfaces of the Clay in the Body O being again made plane 
let each Maſs R, and S, be four; theſe being let go at the fame 
Time, and with equal Velocities, which want little of 5, let them 
run againſt the Body O, and they will be at reſt; and the Cavi- 
ties, each of which is made by the Deſtruction of a Force, which 
wants but little of 4 x 5x 5 = 100, and is therefore equal to gg, 
are equal to one another, and to thoſe, which we had in the fore. 
going Experiment. 

ow if we ſuppoſe the elaſtick- Parts to be bent, in ſuch manner 
as the Parts of the ſoft Bodies mentioned yield inwards, the In- 
flection between @ and 6 will be equal to that, which is given 


between 6 and c; and the Bodies are to be confidered as if ſeparated 


by the Action of two Springs, equally powerful, and placed between 


.them, We ſhall ſee in Scholium 2. how the Separation is deter- 


mined in this Cale. 

In the direct Colliſion of three Bodies, all their Motions being 
in the ſame Direction, there may be given a Caſe different from 
that, which we have hitherto examined; for if one Body be per- 
forated, two Bodies together, one of which penetrates the other, 
may act upon a third, at the ſame Time. 

To determine what ſhould happen in this Caſe, I will put four 
Bodies inſtead of three; but fo determined and moved, that the 
Motion may entirely agree with that propoſed ; I will alſo chuſe 
a ſimple Caſe. | 
Let C be the Body upon which the others act; this we ſup- 
poſe to be at reſt ; the Body A runs directly againſt it, with any 
Velocity whatſoever ; the two Bodies B, B, which are equal, and 


have equal Velocities, different from the firſt, ſo run againſt it, 


that their Actions together may be looked upon as direct. The 


Surface of the Body C is plane; the Bodies A, and B, B are ter- 
minated cylindrically, and their Ends are Right Cylinders, and 


the Bodies are moved according to the Direction of their Axes. 


- "Theſe three Bodies come to C at a, 6, b, at the fame Time; 
and their Actions begin at the ſame Time. But in the Caſe of 
this Figure, the Velocity of the Bodies B, B, which is amine 
Ts hi 
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whilſt the Velocity of the Body C is continually increaſed by all* 
the Actions, is reduced to an. Equality with this laſt Velocity, at 
the Time, when the Velocity: of the Body A exceeds this Veloci- 
ty, which is common to the Bodies C, and B, B. At this Mo- 
ment the Action of the Bodies B, B ceaſes, and their Velocity-is - 
not diminiſhed any more; but A continues its. Action upon C, 
whereby the Velocity of this laſt is ſtill encreaſed ; wherefore C is 
ſeparated from B and B; and all Action ceaſes, when the Velsci- 
ties of the Bodies C, and A, have come to an Equality, which 
continue their Motion with this ſame Velocity... 

The Computation of the Velocities, in like Caſes, is ſomewhat ' 
more intricate ; the Geometrical Conſtruction, whereby we de- 
termine the ſame, is more plane; I will give it here, the Demon- 
ſtration will be found in the. 3d Scholium following. 

The Lines DX, D E being drawn, which make a Right Angle; 21 97. 
the Point E being determined at pleaſure, I ſuppoſe the Line DE Plate XIII. 
to repreſent the Velocity of the Body A, and. D F. is determined, *'s: 2. 
that it may repreſent the Velocity of the Bodies B, B. 

At a Diſtance taken at pleaſure, G O is drawn parallel to FD; 
and the Points O and M are determined, by Lines drawn thro” 
E and F, parallel to DX. + 

GH being taken at pleaſure, we determine the other Points in 
the Line G O by the following Proportions. | 

GH is to HI, as the Baſe. of the Cylinder d, by which the 
Body A is terminated, is to the Sum of the Baſes of the Cylinders 
e, e (Fig. 1.) | 

GH is to ON, as the Maſs of the Body A is to the Maſs of 
the Body C. 

HI is to ML, as the Sum of the Maſſes of the Bodies B, B, i- 
to the Maſs of the Body C. 

Now the Lines DH, DI, FLIT, EN X being drawn, the 
two middle ones mutually interſect one another at Q; and Q, 
which is perpendicular to D X, repreſents the common Velocity of 
the Eodies B, B, and of the Body C, in the Moment when they 
are ſeparated. 

If PQ be continued upwards ſo as to cut EX in R, the Line 
—— will repreſent the Velocity of the Body A, at that ſame 
ime. | 
Then Qs is drawn. parallel to D H, and cutting EX and 8; 
and 8 V, parallel to ED, or QP; and SV repreſents the com- 

mon Velocities of the Bodies A and C, after all Action is ceaſed, 
Vor. I. P p Sometimes 
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Sometimes, the Line E X cuts DI between D and Q, and 
then E X determines the Point Q by its Interſection with DI. 

G 7 being taken equal to HI, D; 18 drawn, to which O8 ;; 
drawn parallel; and the Point S is determined in the Line FT 
In this Caſe QP repreſents the Velocity of the Body A after the 
Stroke, and 8 V the Velocity, with which the Bodies B, B, and 
C, continue their Motion together. 

We ſhall alſo explain, how two Bodies moved in different I. 
rections, and directly running againſt a third Body at the fame 
Time, move this laſt Body. | 

Let there be given the Bodies A, B, at the fame Time, and 
with any Velocities whatſoever, running directly againſt the Body 
C at reſt, in the Directions AX, BK. Theſe Directions being 
produced, let K D be the Velocity of the Body A, and K E the 
Celerity of the Body B; raiſe D F perpendicular to K D, and EG 


at Right Angles to K E; divide K D in H fo, that K H may be 
to HD, as the Maſs of the Body A is to the Maſs of C; after the 


fame Manner K E muſt be divided in L, that KL may be to LE, 
as the Maſs of B is to the Mats of C. Now drawing F H, GL, 
mutually interſecting one another at N, the Line K N will ſhey, 
by its Situation, the Direction, and, by its Length, the Velocity 
of the Body C after the Stroke. 

But the Bodies A, and B, continue their Motion in the Line: 
KD, K E, as their Direction can be changed by no Action. But 


the Velocities are determined by N I and N M being drawn from 


N perpendicular to KD and K E; and KI is the Velocity of 
the Body A, and K M of the Body B after the Stroke, 

There is no Action given, whereby the Bodies A and C, in a 
direct Stroke, can be ſeparated, as they are not elaſtick * ; and 
tho' the Body C be moved by the Adtion of the Body B, the 
Action of the Body A is indeed by that diminithed, but C is not 


ſeparated from A, in the Direction K D; for then C would take 


from the Action of A; therefore after the Stroke A and C are 


3 14. 


moved with the ſame Velocity in the Direction K D. Therefore it 
C runs thro' AN with the Velocity, which we expreſs by this 
Line, A will be moved with the Velocity KI; for the Motion 
along K N, in the Direction K D, contains nothing beſides the 
Velocity K 1*; and the Body A will loſe the Velocity DI. 
We ſhould moreover attend to this, that, the Lines N O, NP, 
being drawn farallel to K E and K D, the Body C is driven 4 


2 [ 


— 8 
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by the Stroke of the Bodies A and B, in the Directions K O and 

K P at the fame Time, and indeed with Velocities proportional to 

theſe Lines, if it be mov'd along K N, with the Velocity K N&* » 36. 
but the Change of the Velocity of the. pe Body C, ariſing 

from the Action of the Body A, will be K O; therefore K O is td 

ID, if N be well determined, as the Maſs of A is to the Maſs of 

C*; that is, as KH is ta H D; which only obtains, if the Point * 1185. 

N be given in F H: for P N / being produced till it cuts F D in Q, 

we have PN to N Q, as KH K D; but PN equal to K O, 

and NQ to I D®. After the fame manner we demonſtrate the » 3. El. 1. 
Point ſought N to be given in the Line G L; and therefore in the 
Interſection of this Line with the Ling F H, which was to be de- 
monſtrated, 

If the Bodies are elaſtick, the Changes of the Velocity are 1202. 
double *: therefore if K N be produced, and doubled, we ſhall * 1188. 
have the Motion of the Body C along K u, with the Velocity K; 
and taking If equal to 1 D, and Mm to the Line ME, we ſhall 
have K i and K mz the Velocities of the Bodies A and B. In this 1203. 
Caſe the Sums of the Farces before and after the Stroke are equal *; » gg, 
which alſo we ſhall demonſtrate in Scholium 4. to fallow from this 
Determination of the Velocities. 

When the Angle EKG is obtuſe, and the Motians of the 1204. 
Bodies A and Bare in part contrary to one another, what was ob- 
ſerved in N. 1189. ought to be applied here alſo. 

In theſe, we have ſuppoſed the Changes of the Velocities in 1205. 
both Colliſions to be made in the fame Tune ; that is, that both 
Actions ceaſe at the ſame Time: this is the Caſe if the Surface of 
the Body C be plane in the Places, in which the Stroke is made, 
and the Bodies A and B be terminated by parabolical Figures, of 
which we ſpoke above *, the Parameters of the Parabolas being 842 
put directly as A to B, and inverſely as the Sum of A and C to 
the Sum of B and C, as we demonſtrate in Scholium 5. 

If the Times of the Actions are unequal, we muſt firſt deter- 1206. 
mine the Velocities of all the Bodies, at the Time when one of 
the Actions ceaſes, as we have ſeen in N. 1196, the Direction of 
the Body C alſo being diſcovered, at this Time. We muſt then 
enquire into the ſecand, Change, ariſing, from that Action only 
which remains, But the Determination of the Moment, when 
ang of the Actions ceaſes, ſhould be. ranked among the moſt 


ditticult Problems, if we except ſame particular Caſes, 
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120% [t would be very difficult to confirm by Experiments what ;; 

demonſtrated concerning double Colliſion. Experiments cannot be 
made on ſoft Bodies, becauſe all ſuch Bodies which we can make 
uſe of in theſe Experiments, if they have no Spring at all, which 
is · neceſſary in making the Experiments, ſtick together after the 
Stroke; and beſides, as in elaſtick Bodies, we can never diſcover 
whether the two Bodies come to the third at the ſame Time exad. 
ly, except from the way of the Body C; which way therefore 
can't be determined by Experiment. In that Caſe only, in which 
the Bodies A and B are equal, and moved with equal Velocitiez, 
it appears at firſt Sight, that theſe Bodies did ſtrike againſt C at 
the fame Time, if the way of this laſt divides the Angle DKE 
into two equal Parts. The following Experiment relating to this Caſe 
may be made. 


EXPERIMENT 3. 
1888 An horizontal Section of the Machine, deſcribed in N. 1168. i 
pl. XXXIX. repreſented here. The three Ivory Balls, mentioned in that De- 
Fig. 4.5. ſeription, being applied to this Machine, if the Bodies Q, Q, be 
let go from equal Heights at the ſame Time, and the Parallelo- 
abe f be made, whoſe Sides ab, .ac are the Directions of 
.the Bodies Q, Q, contiued, and equal to the Subtenſes of the 
Arcs, along which the Bodies Q, Q, defcend ; the Body P, if the 
Angle QP Q be an acute one, aſcends with a Velocity, leſs than 
that with which it could aſcending run thro' an Arc, whoſe Sub- 
tenſe ſhould be the Diagonal of the Parallelogram mentioned. 
3209. But the Angle being put obtuſe, it aſcends to a greater Height, 
than that which is determined by the Diagonal of the Parallels 
1210, Which agrees with what is explained in N. 1199, 1202. 
Pl. XII. We ſuppoſed both the Bodies, which ſtrike againſt the quieſcent 
Fig. 6. 7. Body, to ſtrike againſt it directly; but if the ſtriking were oblique, 
+1165.1171, it might be reduced to a direct ſtriking, as is demonſtrated of two 
Bodies + ; and ſetting aſide the lateral Motions, the Changes would 
be deduced from the direct ſtriking only, as if the Bodies were 
moved with this only; afterwards the lateral Velocities would {bc 
1211. to'be conſidered again, as in the ftriking of two Bodies. 
If the Body C ſhould be moved alſo, the Problem would be 
ſolved after the ſame manner, by conſidering a Ship, in which ths 
Body would be at reft, and determining the Motions in the Ship; 
which being given, the Motions without the Ship are eaſily 27 | 
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It would not be more difficult, to apply a direct Solution to 
theſe; but it would be of no great Service, to multiply the Me- 
thods. 355 1 


| SUCEVHLIU.A 1; 
The Demonſtrations of N, 1181. 1183. 1184. 1186. 


E T there be given three Bodies A, B, C, running againſt ore ano- 1212. 

| ther directly; the Velocity of the firſt being put a, of the ſecond &, 
of the third ce the Sum of the Forces is Aaa+B5b+Ccc*, IfA,,.. 
and B tend towards the ſame Part, and C to a contrary Part, we ſaid in . 
1181. that this Sum would be, the reſpective Velocities being given, the 
ſmalleſt of all, if A a ＋ BVS Cc; which indeed follows from the reſt of 
the Bodies after the Stroke, demonſtrated in N. 1182 ; but it is allo prov'd 
directly, if we conceive any Velocity whatſoever increaſed, or diminiſhed, 
by any Quantity whatſoever as x, and a Computation be made of the Sum 
of the Forces, | 

For Example, let the Velocity of che Body A be a + x, that the re- 
ſpective Velocities may be kept, B is moved with the Velocity þ + x. 
and the Velocity of the Body C will be c = x. The Sum of the Forces 
is Aa a T2 A TAXI + Bbb+Bbx+ Bxax+Cic—2Cir+ 
Cx x, which exceeds the firſt by the Quantity Ax x BTT Cx x, 
taking away 2 Aax+2 Bbx—2Ccx, which mutually deſtroy one 
another ; but as there-is an Exceſs given, howſoever we conceive the Ve- 
locities to be changed, keeping the reſpective Velocities, it follows that the 
Sum in the Caſe mentioned was the ſmalleſt. _ | 

The fame Things being laid down, the reſpective Velocities of the Bo- 1213. 
dies A and B is 2 — 35; of the Bodies A and Cis a 1; and laſtly * 918. 
the reſpective Velocity of the Bodies B and C is equal to Tcl. T he | oy 
Force loſt, theſe reſpective Velocities being given, is in every Caſe equa] WON 
to the Sum of the Forces in this peculiar Caſe, in which this Sum is the 
ſmalleſt *, and in which Aa ＋ BS = Cc. We faid that this Force loſt * - 147. 


2 E * +. Which to de- 118; 
monſtrate, we muſt prove this Quantity to be equal to Aaa+Bbb+Ccc; 


or ABA ACX ZT TBC ITC = A44＋ 357 T C= 
A+B+C. | | | 
Becauſe Aa ＋ BI = Cc, allo AAaa+2 ABab + BBbb= 
CCoic=ACac+BCSc; whence we deduce A Aaa+BBb5 
C CS ACA ICI —2ABad, But multiplying- 
N A a4 


was equal to 


A 


TN 
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Aaa+Bbb+CicbyA+tB+C, we have AAga+BAi, 
+CAga+ABb6b+BBbb+CBbb+ ACcc + BCA 
CC cc, and by ſubſtituting inſtead of AA a a + BB&b+ CC co, te 
Value diſcovered, we have Aaa+Bbb +CicxA +B+T- 
ABaa—2 ABab+ ABbb+ACae+2ACac + AC 


BC4b+BCic=ABxa—d + ACxa+c + ler 
which was to be demonſtrated. | 5 Wh $3 4 
Let there be again three Bodies A, B, C; the Velocity of the firſt m; 
of the ſecond n; and of the thirdp. To demonſtrate the Rule N. 1184. 
we call the Velocity of the Ship there mentioned x; and the Velocities of 
the Bodies A and B in the Ship, if we ſuppoſe them to be moved faſter 
than the Ship, will be n - and » — ; but C, if it be moved flowe: 
than the Ship, is carried in it towards the contrary Part with the Velocity 
* — p. When we conſider the Cafe, in which the Bodies are at reſt after 
the Stroke, we have Am —Ax+Bn —_Bxr=Cxrx—Cp, 


An BTC 


monſtratec. | 5 
If all the Bodies do not tend towards the fame Part, the Vebocities of 
thoſe, which are carried towards the contrary Part, are negative, and their 


Products in the Numerator are negative. Wd 

Let us put the Bodies A, B, and C, as in the foregoing Demonſira. 
tions; and let us ſuppoſe theſe ta be carried towards the ſame. Part fo, as 
in the Ship, which is moved with that Velocity, with which the Bodies 
are moved after the Stroke, let the Velocities of the Bodies A and B, from 
the Stern to the Prow, be f b, g z, the Velocity of the Body C from the 


ho Prow to the Stern, Ji. In this Caſe only the Body C is moved flower 


Plate XLI. 


Flate XLI. 


than the Ship, and is accelerated by the Action of both the others. As 
the Bodies in the Ship are at reſt after the Stroke, the Sum of the Products 
of A by FB, and B by g i, is equal to that of C by [i*., 

C being divided into two Parts D and E, as before 4, which are to 
one another, as A mukiplied by £4 is to B multiphed by gi; if A acts 
upon D, and B upon E, the Bodies in the Ship are allo at reſt ||; that 
is, conſidering the abſolute Motions, without attending to the Ship, D 
and E being moved, before the Stroke, with equal Velocities, theſe are 
alſo equally accelerated by the Actions of the Bodies A and B, namely by 
the Quantity 11; and Forces are communicated to them, which are to 
one another, as the Mafles of D and E ; that is, as the Products of A by 
b, and B by gi. Whence it follows that, in the Colliſion of theſe three = 
Bodies, the Actions of the Bodies A and B upon C, whiltt they toge- 
ther accelerate the Motion of this Bady, are to one another, as A malt 
plied by Fh and B by g i; in which Ratio alſo are the Velocities, which are 
communicated to the Body C by theſe Actions “. | 


The 


* 
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The whole Velocity communicated i being divided into two Parts in, 
„ which are to one another, as A multiplied by Fh is toB multiplied 
by gi, in will be the Velocity communicated by the Action of che 
Body A. | 15 i | | 
By multiplying i m and Im by C, whereby the Ratio is not altered, we 
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have i n multiplied by C, is to m multiphed by C, as A e by 


Fh is to B multiplied by gi; whence we deduce i m multiplied by 
C plus m multiplied by C, that is, C multiplied by 77, is to i in multi- 
plied by C, as A multipli d by Fh plus B multiplied by g # is to A multi- 
plied by f +: but the Antecedents arc qual, and therefore the Conſequents. 
Therefore A is to C, as i m, the Change of the Velocity of the Body C 
ariſing from the Action of the Body A, is to F, the Change of the Ve- 
locity of the Body A. That is, the Changes in the Velocities of theſe 
Bodies, ariſing from the mutual Action in the Colliſion, are inverſely as the 
Maſſes, as we have obſerved in N. 1186. 


S CHO LTU MN H. 
The Inveftigation of the Motion mentioned in N. 1 194. 


E T us ſuppoſe three Bodies A, B, C, perfectly elaſtick ; let the Ve- 
locity of the firſt be ; of the ſecond u, of the third p ; let them 
tend towards the ſame Part; after the Stroke, before the Figure is re- 


ſtored, the Velocity is = HERES * kt this be called v. 


The Force deſtroy*d by the Stroke is 
ABN = +ACxm—p +BCxa—p , 
A+B+C 8 2 

Let this be equal to 2 Aff T2 BFF T 2 CF. | 

If all the Bodies ſhould not tend towards the ſame Part, the Velocity 
after the Stroke, and the Force deftroy'd, might be determined by the 
ſame Rules. | 

Setting aſide the Springs, the Bodies in the Ship after the Stroke, moved 
with the Velocity v, would be at reſt ; therefore after the Stroke they 
are moved in it by the Springs only, and they are moved in theShip with the 
lame Velocities, with which the Bodies, if they were really at reſt, would 
be moved by the ſame Springs; therefore the Motions in this laſt Cafe 
being determined, we ſhall have the Motions in the Ship, whence the ab- 


ſolute Motions are eaſily deduced. 
Therefore we put the quieſcent Bodies A, B, C, and between them 


1217. 


* 11$4.1212. 


" *1183.1213. 


1218. 


Springs bent, with the Forces, with which the Parts were compreſſed in 


the Stroke, which are equal to 2 Aff ＋ 2 BF, ＋ 2 C/. When we 
conſider the Caſe, in which the Parts between A and B, and between B and 
C, are equally bent in, the Force, with which each Spring is compreſſed, 
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is Aff+Bff+Cff;.and the Spring, whilſt it expands itſelf, com. 
municates ſuch a Force to the Bodies *, | 

The Spring, expanding itfelf between A and B, communicates to the 
Body A the Force Bff-+ CV, and exerts an Action upon the Body B 
equal to the Force A ff *®. After the ſame manner, the other Spring 
communicates to the Body C the Force AF EBF, and exerts an Action 
upon B equal to the Force C ff . | 
Therefore the Body B is preſſed by two Actions towards oppoſite Parts; if 
A exceeds C, the Body B is preſſed more towards this Body, by an Action 
which is equal to the Difference of the Actions AF and C f/; as to the 
reſt, the Actions upon both Parts are equal to one another, and 
to . 
Whilſt the Springs preſe upon one another with equal Actions, each 
acts as if it had ſtood againſt an. immoveable Obſtacle ; and exerts its 
whole Force at the oppoſite Part “; that is, the Springs act upon the 
Bodies A and C in ſuch manner, as to communicate to each the Force 
C f f, beſides the Forces mentioned, wherefore the Force communicated 
to the Body A is equaltoBff+2Cff, and C is moved with the Force 


Aff +Bf 277 C f f, whilſt B is driven towards C with an Action equal 


to Aff — 

. cannot be moved, except the Spring between B and C be driven 
with the ſame Velocity; and the Body C receives the Force juſt men- 
tioned, from the Spring ſo moved; in the fame manner as a Spring in a 
Ship, which ſhould ſtand againſt an Obſtacle, which could not yield, 
would be moved by the Action of a Spring; that 1s, the Velocity, with 
which the Body C recedes from B, or with which it is moved faſter than 
B, is that, which the Impreſſion juſt mentioned has ; which Velocity is f 


ERS * If the Velocity of the Body B be called x, x +f 


| — 5 +© vill be the Velocity of the Body C. The Sum of the 
Forces of the Bodies A and B, is A f f + Bff+CFff, and beſides A/ 
— Cf, that is, this Sum is equal to2.A f f-+ BFF; whence we de- 
duceBxx+ Cxx+2fxV AEC+BC+CC+Aff+BFf/f+Cif 
3 3 2fx/ACFBCECE_ Afﬀſ—C//. 
=2Aff+BFff; orxx+— 20 © 4% ol OT rn B＋ C 

fv AR+2 AC—fv AC+BC+TCC 
B + C 


* 


and x = : adding the Ve- 


locity f v/ — C „with which C recedes from B, we have the Ve- 
rn fol CY AB+E2AC+HfFBYACEBCECC 
locity of C e 


But 
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But the Velocity of the Body A is diſcovered, from its Force before de- 


fy AB+2AC 
A 


Theſe Velocities are to be ſubtracted from the Velocity v, or added to it, 219. 
as they conſpire with the Motion of the Ship, or act contrary to it. 
If in the firſt Motion A be carried taſter than B, that is, if m exceeds u, 


che Velocity of the Body A, after the Stroke, will be v — A * — AC , 
the other Velocities diſcovered of the Bodies B and C muſt be added to v. 

In the ſecond Scholium of the following Chapter, we will demonſtrate 
the Sum of the Forces after the Stroke to be equal to A mm + B x » -+- 
Cpp; which agrees with what hath been demonſtrated before *. 


termined 3 and their Velocity is 


* 1085. 


SCHOETUM HI. 
The Demonſtration of N. 1197. 


AYING down thoſe Things, which were explained in N. 1196. 
r 6h 1 1220. 
1197. when we conſider Bodies cylindrically terminated, it is plain, pte XIII 

that each of the Bodies, which together act upon C, changes its Velocity, pig. 2. 
as if it acted alone; for the Change is the fame, howſoever C be moved“. 
The Changes of the Velocities of the Body C, ariſing from the Actions 3 
of the Body A and B, B, are to one another as G H, is to HI +: ſo 4 1036. 
that GI expreſſes the whole Velocity, which C acquired in a certain 
Time. The Change of the Velocity of the Body ariſing from the Action 
of the Body A, is to the Change of the Velocity of the Body A, at the 
ſame Time, as GH is to O M ||; and the Change of the Velocity of the | 95>. 1197. 
Body C, ariſing from the Actions of the Bodies BB, is to the Change 1216. 
of the Velocities of theſe Bodies, at the ſame Time, as HI is to MI. 
Therefore at the Time when the Velocity of the Body C is GI, the Di- 
minutions of the Velocities of the reſt of the Bodies are ON, ML; and 
the Velocity of the Body A is G N; the Velocities of the Bodies B, B, is 
GL. Theſe Changes of the Velocities keep a conſtant Ratio to one ano- 
ther; therefore the Lines DI, EN, FL., by cutting any Line whatſo- 
ever parallel to E D, will determine the Velocitics of each of the Budics 
at the ſame Time. Whence it appears that the Velocities of the Bodies C. 
and B, B, are reduced to an Equality, when C has acquired the Velocity 
PQ; and that then all Action between theſe Bodies ccaſcs. But the: 
Velocity of the Body A, at this Time, is PR, and its Action upon C 15 
continued, whoſe Velocity now is only encreaſed by the Action of A; tor 
this Reaſon QS, parallel to DH, denotes this Encreaſe of Velocity, 
and when this Velocity is VS, A is moved with the ſame Velocity alſo, 
there is no further Action of the Bodies given; and C and A, being, 
!eparated from B, B, continue to move with a common Motion. 
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SCHOLIU AM IV. 
The Demonſtration of N. 1203, 


E ſaid that the Sum of the Forces after the Stroke, was equal to 
the Sum of the Forces, before the Stroke, in the Colliſion ex- 
plained in N, 1203 : therefore laying down the Determination of the Velo- 


cities there dehyered, we muſt demonſtrate that the Body C acquires 0 


much Force, as A and B lofe. 


The Square of the Line K N is equal te the Squares of the Lines K 0 
and ON, or K P, and twice the Rectangle under I OK *; the ſame 
Square is alſo equal to the Squares of K O, and K P, and twice the Rect- 
angle under MPK: whence it follows that theſe Rectangles are equal; 
and that the Square of KN is equal to the Square of K O, and the Rectangee 
under 10 K, as alſo the Square of K P with che Rectangle under M PK; 
therefore the Square of K N is equal to the Rectangles under I K O and 
MK PH; and the Square of K x, which is the double of that of KN, 
which is quadruple of the Square of K N, will be equal to four times the 
Sum of the Rectangles under I KO and MK P. Theſe being multplied 
by C, we have the Force of the Body C, acquired by the Stroke, equi 
to4CxKOxKI--aCxKPxKM|. 

The Force, which the Body A loft by the Stroke, is had by multiply 


ing A by the Difference of the Squares of K D, K ,, the Velocities before 


and after the Stroke &: but this Difference, by reaſon of the Equality of 
DI, Iz, is equal to four times the Rectangle under KI D; and the 
Force loſt is 4A xXID XK I: but we have ſren in N. 1201. A: C:: KO: 


ID; therefore Ax ID CE, KO, and the Force which A loſes is 
#CxKOxKI. 


After the ſame manner we demonſtrate the Force, which B lofes, to be 
equalto4CxKPxKM; and that therefore the Sum of the Forces loſt 
is equal to the Force, which C acquired. Which was to be demonſtrated. 
here is little Difference in the Demonſtration, when we conſider the 
Caſe of Fig. 7. | 


SCHOLIUM V. 
Fbe Demonſtration of N. 1205. 


TN N. 1205. we took notice of a Caſe, in which, a double Colliſion 


bein 1 both are of equal Continuance, 
We ſpake of Bodies, which are terminated by Figures, made by the 
Revolu:zon of Parabolas, in which the Time of the Action does not de- 


þ 
* 
* 
£ 
= 
& 
3 
- 
8 


| 
* 
. 
A 
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ons ſeparately as the Change of Velocity ariſing from one Action cannot 
alter the Duration of the other, which does not depend upon the Ve- 
"Ts is a Collifion given betweert the Bodres A ant C; 2s alfo be- 
tween B and C. Let a be the Parameter of the Paraholas, which deter. 
mined the Figure of the Body A; & the Parameter of the Frgnre of the 
Body B. It the Bodies ſhould run againft plane, and fed Obſtacles, the 


Times would be =, and 7 but, by reaſon of the Collifion, they now + 91; 
AC BC 1 f 
Tc; and NYC Sf. In the Caſe in which theſe Times are + 1207. 
A B 


equal, 4: b:: FIT H AEC Which was to be demonſtrated. 


CHAT. £4. 
Of the Motion of the Center of Gravity. 


ET A, and B, be the Centers of Gravity of two Bodies; pute XL 
If the two Bodies come to C, the common Center of Gravity, fig. 8. 
with Velicities, which are to one another as their Diſtances from 1223. 
this Center, namely as AC is to BC, that is, inverſely as the 
Maſſes of the Bodies themſehves*, the Center of Gravity, in this“ 102. 159. 
Motion of the Bodies, is at reſt; for whilſt, in the ſame Time, 
they run thro' Aa Bb, which are as AC, BC, there remain @ C, 
C, in the ſame inverſe Ratio of the Maſſes ; wherefore, in this 
Situation alſo, C is the common Center of Gravity +, which was + 19: 
not moved in this Motion of the Bodies. | 
The fame Demonſtration may be applied to the Motion of Bo- 
dies receding from their common Center of Gravity, wi th Velocities 
which are mnver fely as their Maſſes ; in which caſe therefore the 
Center of Gravity ts alſo at reſt. 5 
If the Bodies be moved in different Directions, not paſſing 122 5. 
through the Center of Gravity; they may be carried with ſuch | 
Velocities, that the Encreaſe, or Diminutions, of the Diſtances 
trom the Center of Gravity may be in an inverſe Ratio of the 
Maſſes, in which caſe alſo the Center of Gravity will be at reſt. | 
i} there be given many Bodies, as A, B, D, and theſe, being 1220. 
moved in the ſame Line, come all to the common Center of Gravity place XII. 
©, or reced from it, with Velocities, which in all the Bodies C18. 


Qq 2 are 


— — a 
— — —-— — 
— : -——— 


1227. 


1228. 


Mathematical Elements Book II. 


are as their Diſtances from this Center, this Center is alſo af x» 
For, as. in the Situation A, B, D, the Sum of the Products of the 
Maſſes by their Diſtances from C, on one Side of this Point, is equal 
to the like Sum on the other Side *, this will alſo take place if 
all the Diſtances are changed in the ſame Ratio, as is done here: 
wherefore C remains the common Center of Gravity +, which 
therefore is at reſt, 

In this Caſe, all the Maſſes being multiplied by their Velecities, 
the Sum of the Products, on one fade the Center of Gravity is equal 
to the like Sum en the other fide; for we put the Velocities as the 


Diſtances from this Center. Which Equality of the Products, as 


alſo the ſaid Ratio between the Velocities, is deduced after the ſame 
Manner, from the reſt of the Center of Gravity, if we ſuppoſe 
this to be given. 

Hence it follows, that in a Ship carried uniformly with a recti- 
linear Motion, with any Velocity whatſoever, two Bodies may be 
ſo moved uniformly, along any right Lines whatſoever, that their 
common Center of Gravity will be at reſt in the Ship : and in this 
Caſe, if the Velocity of one of the Bodies be changed, its Direc- 
tion being kept, the common Center of Gravity of the two Bodies will 
not be at reſt in the Ship : but if this be at reſt for a Moment, the 
Velocities and Directions of the Bodies remaining, the Center of Gra- 
vity will continue at reſt ; becauſe the Bodies recede from this Center, 
or come to it uniformly, in Lines, which keep their Situation with 
reſpect to the ſame Center. | | 

But then we have two Bodies without the Ship, mov'd uniformly 
in Right Lines, whoſe common Center of Gravity does alſo move 
uniformly in a right Line. 

Now leaving theſe, let us ſuppoſe any two other Bodies, mov'd 
uniformly any how, in right Lines, diſpoſed at pleaſure, it appears 
that their common Center of Gravity alſo moves uniformly, it it 
be mov'd. For let us ſuppoſe a Ship, which is mov'd together 
with this Center, for a Moment of Time, how ſmall ſoever, the 
Center will be at reſt in it, during this Time, and will continue at 
reſt, if the Ship continues to move uniformly, and keeps its Di- 
rection *; that is, the Center will move with the Ship. | 

If we ſuppoſe a third Body, which is alſo moved uniformly, in 
any Direction whatſoever, the common Center of Gravity of the 
three Bodies will be moved, as if the two firſt were united in theit 
common Center. of Gravity *, and mov'd with this Center; ſo that 
the Center of Gravity of the three Bodies will be moved . 
17 | "© ame 
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ame manner, as that of two would be, that is, uniformly *: but as * 1230. 


this Demonſtration may be applied to four, and more Bodies, it fol- 
lows that the Center of Gravity of any Bodies whatſoever, moved any 
how uniformly in right Lines, will either be at reſt, or move untformly 
„a right Line. 

. liave already obſerved, that, in the Colliſion of Bodies, the 
reſpective Motions are diſtinguiſhed from the abſolute Motions, in 
many Caſes; to this we muſt add moreover, that the abſolute Mo- 
tions of the Bodies, muſt not be confounded with the abſolute Mo- 
tion of all the Bodies, conſidered together. 


DEFINITION. 


Me call the abſolute Motion of any Bodies whatſoever, con/idered 
together, the Motion of the common Center of Gravity, 

In all the Bodies we determine this Motion from the Motion of 
the Center of Gravity, and it is manifeſt that this may be applied 
to many conſidered together. 


Concerning this Motion of the Center of Gravity we obſerve, 


what we demonſtrated in the firſt Scholium following, that the Sum 
of the Forces, of any Bodies whatſoever, is equal to the Sum of the 
Force, which all the Bodies would have, moved together with that 
Velcity, with which the common Center of 2 is carried, and 
of all the Forces, with which the Bodies are moved in reſpect of this 
Center, That is, if the Sum of the Maſſes be multiplied by the 
Square of the Velocity of the Center of Gravity, and all the Maſſes 
be multiplied by the Squares of the Velocities, with which they 
are carried in reſpect of the Center of Gravity, or with which they 
would be moved in a Ship, in which the Center of Gravity ſhould 


be at veſt, the Sum of all the Products will be equal to the Sum of 


the Products of all the Maſſes multiplied by the Squares of their 
Velocities, Therefore if, the Motions being changed, the Sum of 
the Forces be not changed in this Ship, neither will the Sum of the 
abſolute Forces be changed. 

We ſhall demonſtrate ſome other Things alſo relating to this 
Motion of the common Center of Gravity. 


Let there be given any two Bodies in Motion, whoſe Center of 
Gravity is either at reſt, or moves uniformly ; it is manifeſt that, 


in every Moment, the Line, which paſſes through the Centers of 
Gravity of each Body, does alſo paſs thro' the common Center 
ot Gravity ; and that the Diſtances of the ſaid Centers, from this 


Lit 


laſt Center, are in an inverſe Ratio of the Maſſes of the Bodies 
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In this Caſe alſo, i, be Motions of the Bodies be changed, and 1, 
Changes be in the ſame Diredtion, but oppoſite, and the Changes of 


the Velocities in this Direction be in an inverſe Ratio of the Mg es, 
the Motion of the Center of Gravity will not thereby be changed 


Let the Bodies be at H and I; let the common Center of Gra. 
vity be G; let theſe be moved, the firſt thro' HD, the ſecond, 
in the ſame Time, thro' LE ; the Way of the common Center of 
Gravity will be GF. Let us now ſuppoſe the Motions to be 
changed in the Points D, and E; and the Changes to be made 
along Dd, Ee, which we ſuppoſe parallel, and in an inverſe Ratio 
of the Maſſes ; and that they repreſent the Spaces, which might 
be run thro' by the Bodies, with theſe new Impreſſions, in 
the Time, in which they would have run thro' DB, EA, with 


the firſt Motions. The Motions of the Bodies now are along D- 


and Ea“; but the Way of the Center of Gravity is the fame. 
For A B being drawn, this paſſes thro' the Center of Gravity C, 
ſuppoſing the Motion of this not to be changed +; but it will ap- 
pear that this Motion was not changed, when it ſhall be demon- 
{trated that this ſame Point C, is the common Center of Gravity 
of the Bodies, when they are at & and 94. 

Drawing Ca, C6, in the Triangles AC and BC6, we have 
the equal Angles CA a, CBX; and the Sides proportional AC: 
B C:: Aa: Bb; becauſe each Ratio is inverſe of the Maſſes. By 
Alternation AC: Aa:: BC: B5; and the Triangles are ſimilar f; 
therefore the Angles A Ca, and BC are equal; and @C, C6, 


make one Right Line T. And AC, aC, are to one another, a: 


BC, 5 CI; and therefore, as AC, CB, are to one another, ſo 
area C, Cb; which therefore are in an inverſe Ratio of the Maſles; 
and C is alſo the Center of Gravity of the Bodies, when they 
have got to a and 5, Which remained to be demonſtrated. 

If more Bodies be given, the common Center of Gravity of 
them all is not changed, tho' two Bodies change their Situation, it 
the common Center of Gravity of both remains *. 

Therefore the Motion of the Center of Gravity of many Bodies 
moved uniformly, is not diſturbed, the Motions of any two ef 
them being changed, according to the Conditions above-men- 
tioned *; nor if ſuch Changes are repeated at pleaſure. But al 
the mutual Actions of the Bodies, are in the ſame Line, and op- 
poſite , and the Changes of the Velocities, ariſing thence, are in an 


inverſe Ratio of the Maſſes || ; therefore the Motion of #he _ 
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Center of Gravity can never be diſturbed by the mutual Ati of 
the Radies. 

Therefore it appears that he abſolute Motion of many Bodies, 1 241. 
confidered together, in any Collifion whatſoever, is not changed ; and 
that therefore the common Center of Gravity of many Bodies is 1242. 
moved in the ſame Line, and with the ſame Velocity, before and © 
after the Stroke. Which may be alſo deduced, in each of the 
Collifions explained before, from what we have delivered concern- 

* will now demonſtrate this, that what belongs to this Matter, 
may be illuſtrated the more. 

The Center of Gravity of two, or three Bodies, running againſt 1243. 
one another airetly in ſuch manner, as to be at reſt after the Stroke, 1244. 
if they are not elaſtict, is at reſt before the Stroke u-. In this ſame » 962. 1223. 
Concourſe, if the Bodies are elaſlick, this Center is at reft after 11 1 
the Stroke alſo +. * RY 

If two or three Bodies, run againſt one another directiy, and a 1188. 1224, 
Ship be ſuppoſed ſo moved, that the Bodies, not being elaſtick, 22“. 
they may be at reſt in it after the Stroke, the Center of Gravity . 
zs at reſt in it before the Stroke *: and in ſuch a Conflict the » 1243. 

. fame Center is at reſt after the Stroke alſo, if the Bodies are 
elaſtick 7. Whence it follows that this Ship is moved, with that + 1244. 
Velocity, with which the common Center of Gravity of the Bodies 
is carried, before, and after the Stroke, the Mtion of which Cen- 
ter therefore it not changed. 

After the ſame Manner, in the Caſe explained in N. 1196. and 1240.-. 

„ . . . . ze Plate XLII. 

1197, we ſhould ſuppoſe a Ship, carried with the ſame Velocity 1 
with the common Center of Gravity of all the Bodies. In this 
Ship all the Bodies tend towards this Center of Gravity with Ve- 
locities, which are as the Diſtances from this Center +; and the t 1227 

Product of the Body C, by its Velocity in the Ship, is equal to 
the Products of the other Bodies, multiplied by the Velocities | 
alſo, which they have in the Ship“. In this Ship, whulſt the * 122; 
Percuſſion continues, the Velocities of all the Bodies are diminiſhed, 
whilſt C loſes G I, A loſes ON, and the Velocity of the Bodies 
B. B. is diminiſhed by the Quantity ML. But the Product of C 
by GI is equal to the Products of A by GN, and B, B, by ML; 
therefore the Diminutions are as the firſt Velocities, and the re- 
maning Velocities are in the fame Ratio *; and the Center ot * "9 1 » 

ravity remains at reſt, as long as the mutual Actions of the three 

les Continue ＋. One of theſe ceating, thoſe two Bodics only  ,,;6. 
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act upon one another, the Motion of whoſe Center of Gravity i; 
| 1245- not changed ||; wherefore the reſt of the Center of Gravity of 
the three Bodies in the Ship is not diſturbed, | 

1247. We ſhall demonſtrate in the 2d Scholium following, that the 
Propoſition, of which we are ſpeaking, takes place alſo in the 

Motions mentioned in N. 1194. 1199. 1202. | 
1248. In the oblique Concourſe of two Bodies we conſidered two Motions 
zone by which they run againſt one another directly, another la- 
* 1171, teral *, which is not changed in the Stroke; wherefore neither i; 
the lateral Motion of the Center of Gravity changed ; but neither 
can the Motion of the Center of Gravity be changed according to 
* 1245- another Direction, becauſe it is not changed by a direct Stroke. 
Therefore this Motion varies in no reſpect, and the common Center 

of Gravity of the Bodies keeps its Velocity and Direction. 


SCHOLIUM I. 
The Demonſtration of N. 123 5. 


1249. S long as the Bodies are moved in the ſame Line, the Propoſition, 


1 mentioned in N. 1235, appears by a ſimple Algebraical Compu- 
tation, | | 


Let there be the Bodies A, B, C; let the Velocity of the firſt be n f 

the ſecond n; of the third p; the Velocity of the Center of Gravity 4. 

Let the Bodies tend towards the fame part; and let m and u be greater than 

d; and p leſs: therefore the Velocities, with which the Bodies tend to- 

wards the Center of Gravity, are n — d, 1 — d, d—p; and Axm—d 

+ Bxn—d=Cxd—p*; wherefore 2 Am d - 2 Add 2B d 

2 Bdd=2Cdd— 2 Cap, by multiplying the whole Equation by 24 

But we muſt demonſtrate A mm +Bnn+Cpp=A+pHB+Cxdi+ 

 Axm—d'+Bxn—d'+Cxd—p*. This laſt Quantity may be 

thus expreſſed Amm—2Amd + 2 Add +Bun—2Bnd+? 

Bdd+ Cpp—2Cpdt2Cdd Bui—2Amd+2Add—?! 

Bnud+2Bddand —=2Cpd+2 C4dd mutually deſtroy one another, 

and this Quantity is only equal to A m + B n#-+ C pp. Which was to 
be demonſtratcd. | | 

1220. Again, let there be three Bodies A, B, C, whoſe Centers of Gravity ong 

PI XLII. Ve conſider ; let the common Center of Gravity be D; let us ſuppoſe the 

Fig. 10. Bodies to be ſo moved along A E, BE, CE, with Velocities prop 

tional to theſe Lines, as to meet in one Point. The Direction and Celen!) 

of the Center of Gravity D is DE. The Velocities with which the Bodies 

tend towards the common Center of Gravity, are AD, BD, CD; to. 

rheſe would have been the Veloc ties of the Bodies in a Ship, in 1 5 the 

enter 


® 1227. 


Chap. 10. % Natura! Philoſophy. 305 
Center of Gravity ſhould be at reſt. Therefore we muſt demonſtrate 
AxAEv+BxBEi+CxCEi=A+B+CxDE!' TAN AD 
+ BxBD'+ C XCD. | | 
Draw AF, BG, C H, LD L, perpendicular to DE. The Diſtances 
of the Bodies A, B, C from the Line LD LL are FD, G H, HD; there- 
fore, becauſe D is the common Center of Gravity, AxXFD+BxGD 
= CxH D*; whence it appears that D is the commom Center of * 199. 217. 
Gravity of thoſe Bodies, theſe being ſuppoſed at F, G, and H +. It in + 199. 
this Situation we ſeppoſe the Bodies to be moved, A with the Velocity 
F E, B with the Velocity G E, and laſtly C with the Velocity HE; 


therefore AxFE* +BxGE* +CxHE!=A+B+CxDE1+ 
AxFDi+BxGDai+CxHD**, by adding on either ſide A x* 1249. 
AF+BxBGi+CxCHzus, and by ſubſtituting the Squares of che Hy- 
poteneuſes of the right-angled Triangles A F D, BG D, CHD, A F E, 
B GE, CHE, inſtead of the Squares of the Sides“, we ſhall have what * 47. El. «. 
was propoſed. 
It would be a like Demonſtration, if the Bodies ſhould proceed from one 
Point, | ö 
Laſtly, let us ſuppoſe the Bodies to be moved any how; A along A, 1251. (i 
B along Bb, D along Dd; and that they paſs thro* theſe Lines, in the Pl. XL. 1 
ſame Time, as the Center of Gravity runs thro' C c : we will demon- Fig. © ö 
ſtrate the Propoſition to take place in this Caſe alſo. | 
From C, the Center of Gravity of the Bodies, placed at A, B, and | 
D, I ſuppoſe Lines drawn, CE parallel and equal to B5; CF parallel | 
| 


and equal to Aa; laſtly C G parallel and equal to D d. If the Bodies ſhould 
be moved, A along CF, B along CE, and D along C G, they would re- 
cede from, or approach to the Lines HI and IL, drawn at pleaſure, in | 
the ſame manner, as in the Motions along A a, B, and D4: therefore, 
in both Caſes, the Diſtance of the common Center of Gravity from theſe 
Lines is changed after the ſame manner“. Therefore, ſince in the firſt * 2 | 
Caſe this Center is carried from C to c, it will be carried after the ſame man- I! 
ner in the ſecond Caſe alſo ; and c is likewiſe the common Center of Gra- | 
vity of the Bodies placed at F, E, G. | 
The Propoſition, of which we are ſpeaking, may be applied to theſe | | 
Bodies, if their Motions be given along CF, CE, CG* therefore it 1258 | 
may allo be applied to them whilſt they are moving along A a, B, D4 : | 
tor in both Caſes the Motions of the Bodies are the ſame, the Motion ol 
the Center of Gravity the ſame, and the Motions in reſpect of the Cen- fl 


der of Gravity the ſame; by reaſon of the parallel and equal Ways of tlid 


odies in both Caſes. 
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SCHOLIUM Il 
The Demonſtrations of N. 1247. 


E faid * in the Caſe N. 1194, which we explained particularly in 
N. 1217, that the Motion of the Center of Gravity alſo is not 
changed; which to demonſtrate, we muſt prove that the Bodies are ſo ſe. 
parated from one another, that, conſidering thoſe Motions only, by which 
they are ſeparated, their Center of Gravity is at Reſt ; for then if we ſup. 
poſe the Bodies to be ſeparated in the Ship, moved with that Velocity, with 
which the Bodies are moved jointly before their Separation, the common 
Center of ory will continue in Motion, with that Velocity, with which 
the Ship is carried, 

Thoſe Things being laid down, which were explained in N. 1218, we 
muſt demonſtrate that A multiplied by the Velocity there determined, the 


Product of which is FAB f AC, is equal to the Sum of the Pro- 
ducts of the Bodies B and C, each being multiplied by the Velocities 

there diſcovered. Theſe Products are 3 
FBYAB+2AC—fBY AC+BC+CCand 

I0SED SO © 77 

FC AB+2AC+fBYAC+BC+CC 
, ee eee 
fBYAB+2AC+fCy/AB+2AC, that is, f/ABF+2AC 
| — B38B+Cc 2 ihe 
which was to be demonſtrated, 
From theſe Demonſtrations eaſily appears, what we obſerved at the End 
of N. 1219, that the Sum of the Forces, before and after the Stroke, in the 
Motion mentioned in N. 1217. is the ſame. The Forces, with which we 
ſuppoſed the elaſtick Parts to be bent, are the Forces, with which the Bodies 
came to tlie common Center of Gravity “; they were ſeparated from one 
another, the ſame Sum of the Forces being kept, as follows from the 
Computation itſelf: that is, that was the Sum of the Forces with which 
they receded from the Center of Gravity, When the Velocity of this Cen- 


e 


whoſe Sum is 


— 


In N. 1247. we faid, that alſo the common Center of Gravity of the 
Bodies in the compound Collifions mentioned in N. 1199. 1202. continued 
its Motion after the Concourſe of the Bodies, in the ſame Direction, and 
with the ſame Velocity. | 

If we ſuppoſe the Bodies A and B, to contirue their Motion beyond K,. 
with the fame Velocity, with which they were moved before the Stfob, 


the Velocity of the common Center of Gravity will be changed “. FRE 
cre 


3 We, toad we * x 
2 979 8 * 


utu. 
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fre the Propoſition wall appear, if we demonſtrate, the Center of Gravity 
to be in the ſame Point, ſuppoſing the Bodies Cat K, A at D, and B at 
E; or ſuppoſing C at N, A at I, and B at M; or laſtly, ſuppoſing C 
at u, A at 7, and Bat m. But it will appear, in theſe three Cafes, that the 
Center of Gravity is the ſame, if we demonſtrate the Diſtances of it from 
the Lines K F and K G not to be changed. | 

The Demonſtration is the ſame in reſpect of both Lincs, wherefore l 
ſhall ſpeak of K F only. 

The Diſtance of the Point N from this Line is N M; that of the Point 
„ is 2 NM; the Diſtances of the Points D, I, and 7 {rom the ſan;c K F 
are diſcovered by theſe Proportions 


K D: NM K BD 


| 96 / 
K 1. NMxKI 
N: NM: . PN . 
K i: LX. 
P N 


Which being diſcovered, the Diſtances of the common Center of Gravity 
of the Bodies, from the Line mentioned K F, in the three Diſpoſitions 
NMxKDx A 

PNxA+B—+C" 
NMxC, NMxKIxA 2NMxC, NMxKixA, 


.... ILAEBECTEN xAFBIC 7 
which we demonſtrate to be equal. 


From the Conſtruction it follows PN:NQ::A:C, therefore PN x 
C=2NQxA. But NQ is equal to ID, and is equal to K D - KI; 
therefote PNXö C =K DX A —- KIA; and PNxXC+KIxA= 
KDA. 

After the ſame manner 2 NQ is equal to 21 D, that is, 7 D, and is 


equal to KD—K 7; whence we deduce 2 P, N x CH K IX A 
EA Dx A. | 


By multiplying theſe three equal Quantities K Dx A, PNxC+KI 
A, and 2 PN x C＋ KIA, by NM, and the Products being divided 


by P N x A+B+C, we ſhall have equal Quotients, not different from 
che Diſtances diſcovered, which was to be demonſtrated, | 


SCHOLIU M Ill. 


The Inveſtigation of the Motions after the Concourſe mentioned in 
N. 1004. 


mentioned of the Bodies are diſcovered to be 


1 P we apply the Propoſition demonſtrated in this Chapter *, that the 1256. 
a Center of Gravity is carried with the ſame Velocity, before, and after the * 124% 
tual Action of the Bodies, to the Action mentioned in N. 1004, we 

6 ; Rr 2 ſhall 
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in N. 992. So that they are moved as ſoft Bodies after a direct Stroke; 


thod there explained +, 70 the ſame Line, paſſing thro" the Centers 
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— 2 able to determine the Velocities of the Bodies after their Con. 
cout fe. | | 

Three Bodies, after the Stroke, are carried according to the Direction 
of the firſt Motion, with the Velocity, with which the Center of Gravity 
is carried before the Stroke *; for there is no Action given, by which they 
can be ſeparated directly; this Velocity is diſcovered by the Rule delivered 


but, the Bodies ſtruck keep the Force, which is loſt in this ſtriking of ſoft 
Bodies, in the Cafe which we examine; and therefore they are carried la- 
terally by this Force“: this Force is given ; wherefore-the lateral Velo- 
city, namely that which makes a right Angle with the firſt Direction, may 
be diſcovered : and therefore we eaſily determine the Directions and abſo- 
bite Velocities, with which the Bodies ſtruck are moved after the Stroke. 

Let the Maſs of the quieſcent Body be called Q; let the Maſſes of the 
other be P, P; and their. Velocity v. 

After the Stroke the Body Q is moved with the Velocity F 
the Bodies P, P, are carried with the ſame Velocity, in the ſame Direc- 


2 PQvo , 
2 PT *' 


tion; but theſe are moreover carried with Forces equal to 


wherefore che lateral velocity of both is N +, and the abſolute 
2 PQ 

ev PP+2PQ+QQ 3 

Velocity . A We l. Example. Let Q be = 6; 


2P = 10; v=8; then the Velocity of Q after the Stroke will be 5 : 
that of the Bodies P 7. | 


Of the triple Colliſion of three Bodies. 


I is. eaſily deduced from what has been explained above con- 
cerning the oblique Collifion of two Bodies *, that Bodres may 
concur in oblique Motions, without any mutual Action. We always 
light upon this Caſe, when, both Motions being reduced, by a Mc- 


e Gravity of both in the Situation of their Concourſe, the Conſe. 
quent Motion does not exceed the Antecedent. . 
We ſpeak now of three Strikings; if therefore there be given 


three Bodies meeting, ſo as to make three Concourſes, We g's 0 
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firſt examine them ſeparately, according to this Rule *, that it * 1257. 
may appear the ſtriking is given every where. For if three ſhould 

not be given, the Colliſion would be to be referr'd to one or 

other of thoſe. before explained +. + e210. 

Let there be three Bodies A, B, D; let their common Center 211. 
of Gravity be C; let them be moved along Aa, B b, Dd, with Fg 
Velocities, proportional to theſe Lines, ſo that they may meet at pig. 4 
a, b, d. If we examine ſeparately the Motions of the Bodies A 
and B only; then the Motions of the Bodies B and C only; as 
alſo the Motions of the Bodies A and C only; we diſcover that 
there are three Colliſions given, which we ſuppoſe to be of equal 
Continuance. 

Now to determine the Motions after the Stroke, we ſeek for the 1260. 
common Center of Gravity * when the Bodies touch one another; * 222. 
let this be c. Thro'.C and c a Line is drawn, which is conti- 
nued to c ſo, that Cc, cc may be equal. 

We muft draw Lines, in which the Strikings are direct; and.. 1261. 
the Motion of each Body muſt be reſolved into two in the Lines, 
in which this Body runs directly againſt the other two. The Mo- 
tion along A a is reſolved into two along AI and AL*, or La * 3% 
and Ia; the Motion along Bb is reſolved into two along E b, 

Fb; laſtly the Motion along Dd is reſolved into two along Gd, 
Hd; but the Velocities of all theſe Motions are proportional to 
theſe Lines. 

Thro' c Lines are drawn perpendicular to the faid Lines, in. 1262. 
which the Strikings are given, continued if it be required. Theſe. 
are perpendicular ez to EI; V to HL; and laſtly /g to FG. 

To one of theſe, as e z, there is drawn, at a Diſtance deter- 
mined at pleaſure, the parallel #z 0, which cuts the other two in 
x and 2. 

In this parallel we determine the Points „ and m fo, that , 1263. 
x2, 2M, may be to one another as the Maſſes of B, D, A. In $ 
which Determination we obicrve this Law; the Line 9 m is pa- 

@ rallel to : e, which is perpendicular to ba, and has a particular re- 
lation to the Bodies A and B; and z x, which is now determined, 
put proportional to the third Body D. The Line 1%, which is 
By P<rpcndicular to the Line Dd a, and which therefore has a pecu- 
| liar relation to the Bogics D and A, determines the Point x; and 

we ſcek for the Line x o proportional to the third Body B: that 

Is, as D is to B, ſo S & is to & . After the fame Manner 8 m is 
| found proportional to the other Body A. 11 
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The Maſs of B determined the Point a, thro' this we draw 
parallel to da, which paſſes thro' the Centers of the other Bodics 
And thro' , which was determined by Help of the Maſs A, j 
draw mp parallel to de, paſſing thro' the Centers of the other 
Bodies in the fame Manner; and theſe new Lines mutually cut 
one another at p: and we draw the Lines co, cp, cn, which 
we produce indeterminately. 

Thro' the Center of Gravity c we draw e V, parallel to Ea, 
to which  m is perpendicular; and in this Line we mark the 


Points Q and V in ſuch manner, that c Q may be equal to Ia; 


and c V may be equal to Eb. Thro' this Point V we draw V T 
parallel to bd; and thro' Q we draw QT parallel toad; theſe 
determine the Point T by a mutual Interſection. 

The Part Q V, of the Line c V, we divide at R fo, that QR 
may be to RV, as the Maſs of the Body B is to the Maſs of the 
Body A; from T thro' R is drawn a Line, which, being conti- 
nued cuts the Line c continued in P. Thro' this Point is drawn 
P O, parallel to po and ad, which cuts the Line co continued 
in O; after the ſame Manner PM, which is parallel to n and 
bd, determines the Point M, in the Line c continued. The 
Points O and M being joined, this Line will be.parallel to the 


Lines om, ze; thro' O and M alſo are drawn the Lines ON, 


MN, reſpectively parallel to the Lines /h, fg. Theſe muſt be 
drawn in ſuch manner, that the Triangle ON M may include 
the Point c; for this reaſon, in this Figure O N i drawn parallel 
to /h, and not to f g. 

Now drawing cO, c M, c N, theſe Lines ſhew the Motions 
of the three Bodies after the Percuſſion, ſetting afide the Magni- 
tudes of the Bodies ; but the true Motions muſt be demonſtrated. 

The Point O is common to the Lines OM, ON, which are 
perpendicular to ba, da; the Point a is common to thele laſt 
Lines, and c O ſhews the Motion of the Body A; and draw- 
ing a A, parallel, and equal to c O, we have the true Way ot 
the Body A, whoſe Velocity is expreſſed by this Line. 

M relates to the Pody B in the fame Manner; and bB be- 
ing drawn, parallel, and equal to eM, we have the Way, and Ve- 
locity of the Body B, after the Percuffion. 

So allo d D, which is parallel and equal to N, denotes the 
Way and Velccity of the Body D after the Stroke. 

Theſe Things are ſo, when the Bodies are not elaſtick. When 
they are elaſtick, the Ways of the Bodies be fore the Concouric 


are 
2 I 
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are to be continued, and the Continuations are to be put equal to | l 
he Ways themſelves. Aa is continued that a « may be equal i 
to Aa; and drawing æ A, this is produced to a, that « A and As 
may be equal: the Motion of the Body A, if the Elaſticity be | 
perfect, will be along a 2, with a Velocity proportional to this | 
Line. | | 

After the ſame Manner we diſcover the Motions of the reſt of | 
the Bodies along b, and dd. | 


SCHOLIU M. | 
The Demonſtration of the foregoing Conſtruction. | 
| 


— — — —— 


IE ſuppoſe the Bodies firſt to be ſoſt; therefore they are not ſepa- | 

rated by their mutual Action; and when we conſtder the Calc, in 5 
which all the Actions are of equal Continuance, neither are they ſeparated | 
by other Actions. Therefore, in theſe three Colliſions, the concurring 
Bodies are carried, after the Stroke, with the ſame Velocity in the Lines, 
in which they concur directly: that is, ſetting aſide the Magnitudes of the 1271. 1 
Bodies, they both continually remain in the ſame Perpendicular to the ſaid Plate XLII. | 
Line, in which they concur *. Therefore the Bodies A and B, which 5 7 | 
meet in the Line E I, are not ſeparated, in reſpect of this Line, and of * | 
c V, although they recede laterally from them. 

The laſt of theſe Bodies, ſuppaſin: the before-mentioned Reſolutions of |, 272. 
their Motions *, meet wwith the Vel cities, I a, Eb, which are cbanged by « 1201. | 
the Stroke; but a like Reſolution being made after the Stroke, the Changes | 
are in an inxverſe Ratio of the Maſſes * , tho" there be given another Attion * 1171. 
upon the Body alſo, at the ſame Time . 4.1186, 

All theſe Things take place in three Colliſions; but if there ſhould not 
be three given, the Reaſonings, which depend upon this Hypotheſis, that 
there are three Colliſions given, would be falſe ; for this reaſon, we ſaid 
that we mult firſt examine, whether there be really three “. * 1258, | 

What we ſaid of the Changes of the Velocities in an mverſe Ratio of 1273. OR | 
the Maſſes *, takes place, whatſoever the Solution of the Motions be ; * 1272. | 
but this may be conc:ived to be ſuch, that a Striking may be impoſſible , T1172. | 
as In this Cale of ours in reſpect of the Motioms along F b, Gd; but, if f 
we only conſider the true Striking, the Demonſtration N. 1175. is univerſal, | 
whatſoever the Reſolutions of the Motions be. f 


The two Conditions, which we have ſhewn “*, are ſufficient for the So-“ 1271 | 
lution of the Problem, of which we are ſpeaking ; for if the Motions after 1272 4 


blions, we have what we ſeck.; for there is but one ſuch Solution. 
But as the Conſtruction after this Method is very difficult, it is better to 1274. | 
add a third Condition allo ; namely that the Center of Gravity be moyed N 
with the ſaine Velocity, before, and after their mceung, *, 911240. 0 
| The | 


. 2 | 1 

the Concourſe be fo determined, that they may agree to the three Col- | 
| | 
| 
| 
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The Motion of this Center before the Percuſſion is along Ce, Which 
Laine allo expteſſes its Velocity. Therefore the Motion after the Stroh- 
13 along c c; for this Line is equal to Cc. | | 

Let there be drawn thro' 0 a pafallel ro ON, and thro' a parallel to 
MN; theſe meet at the Point 2, which is given in the Line which is t 
be drawn from c to N; as eaſily appears from the ſimilar Triangle, 
which occur in this Figure. 7 

Let us now ſuppoſe the Bodies to be placed, A at o, Bat , D at z; 
theſe Bodies will have c for their common Center of Gravity : for fr, 
they are in Ægquilibrio about the Line / +; for the Diſtance of the Boie: 
A and D from this Line is to the Diſtance of the Body B from it, as x» 
is to xm; but xo is to x m, as the Maſs of B is to the Sum of the Maſſes 
of A and D“; whence the ſaid Equilibrium is deduced F. 2dly, The Di. 
{tance of the Bodies B and P, placed at m and , from the Line / g. is to 
the Diſtance of the Body A, placed at o, from the ſame Line, as mz i; 
to 20; that is, as the Maſs of A is to the Sum of the Maſſes of B and 
D*; therefore the Bodies are in Equilibrio about the Line Fg alſo +, 
Whence it follows, that the common Center of Gravity of the three Bo- 
dies is given in the Interſection of the Lines Fg, I, that is, at c. 

The Triangle OMN is ſimilar to the Triangle om n, and the Point 
has the ſame Relation to both; therefore this alſo is the common Center of 
Gravity of the three Bodies, if they be placed A at O, B at M, D at N. 

Now if we ſuppoſe, ſetting aſide their Magnitudcs, the Bodies to be 
moved after the Stroke, A along c O, B along c M, D along cN, as was 
ſaid in the Solution *, this will be ſufficient for the third Condition ; as 
aſſo for the firſt Condition |]. Now if we demonſtrate, the ſecond Condi- 
tion || || to take place in one Colliſion, the Solution will be determined; 
that is, all theſe Things cannot concur in another Solution; whence it wil 
appear that the Solution is true, and that the ſccond Condition takcs place 
in other Strikings alſo. | | 

We conlider the Bodies A and B; after the Reſolutions of their Mo- 
tions *, the Velocities are Ia, Eb, in the Line in which the Stroke was 
made; the firſt is equal to cQ, and is the Velocity of the Body A; the 
ſecond, which is the Velocity of the Body B, is equal to c V. 5 

The Motions are to be ſolved after the Stroke, as before it; that, 
thro? O there muſt be drawn a Parallel to the Line AI, or a d, that . 
OP muſt be continued to 8 *; and the Velocity in the Line c V, paralie 
to the Line ba, in which the Stroke is made, will be c S; and the Change 
of Velocity of the Body A in this Line is QS. The Motion of the Body 
B is reſolved by drawing a Parallel to the Lines BE, bd; this is M. 
which cuts c V in X; and the Change of Motion in the Line c V is X . 
The Triangles PRS, QR T are ſimilar, by reaſon of the Parallels 78. 
A*. After the ſame Manner, the Triangles PXR, TVR are ſim. 
lar, by reaſon of the Parallels PX, T V+. Whence we deduce, 


RS 


3 
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RIO: QGE::KE:RT::XKXR:RV. 

By Compoſ. RS R = QS:QR::XR+RV=XV:RY. 
By Alternat. QS:X V:: QR: RV: : B: A* 
that is, the Changes of the Velocities Q S and XV, the firſt of the Body 
A, the ſecond of the Body B, are inverſely as theſe Bodies : which re- 
mained to be demonſtrated. 

But it appears from this, that there is but this one Solution of the Problem, 
becauſe this laſt Demonſtration does not proceed, unleſs the Lines O S, 


MX, mutually cut one another in the common Interſection of the Lines 
{p, TR, that is, in P. 
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BOOK II. 
PART IV. Of the Laws of Elaſticity, 
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CHAP. XII. 
Of Elaftick Fibres. 
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E have already ſeen, what Elaſticity is, and whence ir 

ariſes *; and what follows from it in the Congreſs of Bo. 
dies, ſtriking againſt one another, whether directly, or obliquely, 
it remains that we examine the Laws of Elaſticity, and that from 
Phenomena. 

All Bodies, in which we obſerve Elaſticity, conſiſt of ſmall 
Threads or Filaments, or at leaſt may be conceived as conſiſting 
of ſuch Threads; for a Body may be conceived divided into 
Threads ; and that thoſe Threads, laterally joined, make up the 
Body. That therefore we may examine Elaſticity in the Caſe which 
is the leaſt complex, we muſt conſider Strings of muſical Inſtru- 
ments, and ſuch as are of Metal; for Cat-gut Strings form a $pi- 
ral, which ſurrounds a ſtrait Thread in the Middle, with which 
the outward Part being twiſted, coheres in a certain manner; wherc- 
fore theſe Strings cannot be conſidered in the ſame manner as 
thoſe Fibres, of which Bodies are formed. 

The Elaſticity of Fibres confiſts in this, that they can be extended, 
and taking away the Force by which they are lengthened, they will 
return to the Length which they had at firſt. | 

Fibres have no Elaſticity, unleſs they are extended with a certain 
Force; as appears in Strings that have their Ends fixed without 
being ſtretched ; for if you remove them a little from their Te- 
tion, they do not return to it. But what the Degree of Teniicn 
is, which gives Beginning to Elaſticity, is not yet determined h 
Experiments. | | 

IWhen a Fibre is extended with too much Force, it loſes its Elat- 
city; and this Degree of Tenſion is alſo unknown. This we Kno, 
that the degree of Tenſion in Fibres, which conſtitutes Elaftctt, 
is confined to certain Limits. 


Hence 
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Hence appears the Difference of Bodies that are elaſtick, and 1282. 
ſuch as are not ſo; why a Body loſes its Elaſticity, and how a 
Body deſtitute of Elaſticity acquires that Property. A Plate of 
Metal, by repeated Blows of a Hammer, whereby the Fibres are 
ſtretcked, becomes elaſtick; and being heated lofes that V Irtue, 
whilſt the Situation of the Parts 1s diſturbed by the Action of the 
Fire. 

Petween the Limits of Tenſion, that terminate Elaſticity, there 
is a different Force required for different Degrees of Tenſion to 
ſtretch Chords to certain Lengths : what this Proportion is, mutt 
be determined by Experiments, which muſt be made with Chords 
of Metal, as was faid before. But as theſe Chords are ſcarce ſen- 
fibly lengthened, the Proportions of the Lengthening cannat be 
directly meaſured ; therefore they muſt be meaſured by ſome other 
Method. 

Let AB be an horizontal Chord ſtretched with a certain Force, Phte XLI1L 
whoſe Ends are fixed at A and B: Let it be bent by a Weight Fs: . 
hanging in the Middle of it, ſo that it may come to the Poſition 
ACB. 


DEFINITION 1, 


The Line C c drawn from the middle Point of a String or Chord 128 
after its Inflexion, to the middle Point of the ſame when it was in 
its natura State, is called the Sagitta ( Arrow) of the Chord. 
Let ce be an Arch of a Circle deſcribed about the Center B, 1284. 
with the Radius Bc, Half the Chord by the Inflexion was 
& itrctched the Length Ce, which Quantity has a certain Relation to 
che Sagitta Ce, which ſhall be fſhewn in its place. 
Ide Weight alſo, by which the Chord is bent, has a certain 1285. 
relation to the Force with which the Fibre is ſtretched, that is, is | 
drawn along B C : and ſo in feveral Experiments by comparing the 10 
Sagitta Cc, and the Weights with which the Chords are inflected, [ 
the Proportions of the Lengthenings are determined, as will be | 
ſhewn in what follows. HE 
But before we determine theſe Proportions more diſtinctiy, 
pc muſt explain ſome general Phenomena, depending upon 
W-laſticity ; and which take place in the ſame Manner, whatſoever 
he Laws of Elaſticity be. Wherefore they are obſerved in the 
Fame manner, whether the Chords are made of-Metal, or Cat- 
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Let the Chord A B be ſtretched : and at various Times bent, 


Fuue XLII. to Ac-B, AcB, ACB; but always fo, that the Sagitta may 
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be very ſmall. Let us ſuppoſe cB to repreſent the Tenſion; as 
we here ſpeak of the ſmalleſt Sagitta, the Lines B, B, CB, 
hardly exceed c B, and their Lengthenings are inſenſible; where. 
fore any Law whatſoever of Elaſticity being given, very ſmall 
Forces will give theſe Lengthenings : therefore the Error will not 
be ſenſible, if we affirm e B, B, CB, to repreſent reſpectively 
the Tenſions of the Fibre, in each of theſe Inflections. But the 
Tenſion of the Fibre, in the Situation A C B, is the Force which 
draws the Point C thro' CB and CA; and the Sagitta being 
doubled repreſents the Force, which draws the ſame Point down- 
ward *, which is tbe bending Force, This therefore, as long as the 
Sagitta is ſmall, will have that Ratio, to the ſtretching Force, be- 


fore the Infl-ion, which is given between the Sagitta doubled, and 


the Chord balved. From which Propoſition we deduce the fol- 
lowing Concluſions. 

Let the Chord be ſtretched by a Weight at pleaſure, and bent b) 
any leſs Weight ; theſe Weights being changed any how, if they are 
changed in the ſame Ratio, the Sagitta is not varied; namely it 
this be ſmall, for we ſpeak in all that has been ſaid, of this Caſe, 

Moreover, the Tenſion remaining, the ſmall Sagitta are to one 
another, as the bending Forces. 

Beſides Chords, which differ any how, if they are of the ſame 
Length, and equally ſtretched, are bent with equal Forces. 

If many Chords have different Lengths, but are equally ſtretched, 
and bent with equal Weights, the Sagitta doubled will be in each as 
the Chords halved *; and therefore the Sagittz themſelves, as the 
Lengths of the Chords. | 

If the Coord AB, flretched any how, be ſo infected as to ac. 
quire the Figure A CB, then left to itſelf, by its Elaſticity it will 
return to its firſt Figure, and in that Caſe the Motion of the Point 
C is accelerated : for when the Chord is let go from the Poſition 
ACB, this Point is driven with the Force, that is able to retain 
it in that Poſition ; this Motion is not deſtroyed, but there is ſu- 


peradded to it, in all the Points of the Sagitta, a Velocity com- 


municated by the Force, by which the Point C might be retained 
in them. The Celerity is the greateſt of all at c, and by that Ce. 
lerity the Point C is carried further, and then returning, 17 ail 
perform ſeveral Vibrations; in which the Point C runs out but 


thort Spaces: for which Cauſe the Force, by which the Point * 
| CM 
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acted upon in all Diſtances from c, is as the Diſtance in each 

Point . And becauſe the Eiaſticity of the Chord is the moving « 128 
Cauſe, this Cauſe is transferred together with the Fibre itſelf ſo, E 
as to preſs it, tho' in Motion, as if it were at reſt ; wherefore this 
Force is of the ſame kind with Gravity *, Therefore this Motion. 7 
agrees with the Motion of a Body vibrating in a Cycloid +, and + . . 
how unequal ſoever the Vibrations are, they are performed in the ſame 
Time. 

Tf there be two equal and fimilar Chords, but unequally ſlretched ; 
unequal Forces are required to inflect them equally ; therefore the 
Vibrations are performed in unequal Times. 

We may compare the Motions of theſe Chords with the Motions 
of the Pendulums which vibrate in Cycloids *, and deſcribe ſimi- * 1292. 
lar Cycloids by different Forces; which Forces are inverſely as the 
Squares of the Times of the Vibrations +; in Chords therefore + 432. 
likewiſe the Squares of the Times of the Vibrations are to one an- 
other inverſely, as the Forces by which they are equally inflected; 
which are as the Forces by which the Chords are ſtretched &. * 1288. 

When the Chords are ſimilar, equally ſtretebed, but of different 1294. 
Lengths, their Motion is likewiſe compared with the Motion of 
Pendulums. When we ſpeak of the different Gravities in the Motion 
of Pendulums, we conſider the Velocities communicated to Bodies 
in like Circumſtances; and becauſe theſe Velocities are as the 
Forces themſelves, therefore we mention the Proportion of the 
Forces; which alſo may be referred to the Demonſtration of the 
foregoing Number. 

But in the preſent Caſe we ought to conſider the Velocities, ge- 
nerated in like Circumſtances, and compare the Ratio of the Ve- 
locities with the Ratio of the different Gravities. 

The Chords, A C B, a db, which are infleted by equalWeights, 1 
are moved as Bodies upon which Gravities ſhould act, which are 
to one another as ab, is to AB; for in this Ratio are the infinitely 

{mall Velocities, which are communicated to theſe Bodies, by 

equal Forces * : theſe Chords are alſo moved as Pendulums, whoſe * 138. 
Lengths are as c Bis to Db, or AB to 45 ; therefore the Squares ? 
of the Durations of the Vibrations, which are inverfely as the 
Forces, and directly as the Lengths of the Pendulums “, are ina * 433. 
Ratio compounded of the inverſe Ratio of ab to A B, that is, of 

AB to TT and the direct Ratio of AB to ab; which compound 


1293. 


Ratio is the Ratio of the Squares of the Lengths. Therefore the 
By 


Lengths of the Chords are, as the Times of the Vibrations. 
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By a like way of reaſoning we may compare ?he Times of the Vi. 
brations of Chords of different Thickneſs, ſuppoſing the Chord; equal 
and ſtretched by equal Forces; theſe are equally inflected by equal 
Forces &; and are therefore moved as equal Pendulums, upon 
which Gravities act, Which are inverſely, as the Quantities of 
Matter in the Chords : that is, inverſely as the Squares of the 
Diameters ; which Ratio mult be inverted again, that we may have 
the Proportion of the Squares of the Durations of the Vibrations | 
therefore the Diameters themſelves are as the Durations. | 

Any Chords of the ſame kind being given, the Durations of the 
Vibrati:ns may be compared together; for they are in a Kt; 
compounded of the unverje Ratio of the ſquare Roots of the Forces, þ 
which the Cherds are firetched *, and the Ratio of the Lengths of 
the Chords +, and the Ratio of the Diameters ||. If you multiply 
the Diameter by the Length, and divide the Product by the ſquare 
Root of the Force, that ſtretches the Chord, and go thro' the 
ſame Operation for the feveral Chords, the Quotients of the Divi- 
ſions will be to one another as the Times of the Vibrations, 

F will now treat of the Laws of Elaſticity. 


A MAchINE, 


Whereby the Laws of Elafticity are explored by Exper iments, 


The principal Part of this Machine is the Board AB, about 
three Foot long ; and one Foot broad, and about an Inch thick. It 
is ſupported by Feet. | 

To this Board is joined a thicker Piece of Wood E F, into 
which is put an Iron Bar, three quarters of an Inch broad, and 
thick ; its Ends are bent ſo, as to be at right Angles to the Bar 
itſelf, and make ſmall Arms two Inches long. The Length of 
the Bar, excluſive of the Parts bent, is three Foot. This is hid 
in the Wood EF; the ſmall Arms D, D, only appear, and they 
don't appear entirely. The Piece of Wood EF is joined to the 
Board by Screws, whoſe Heads appear at cc. 

Upon each of the Arms is put a ſmall Plate, which is repre- 
ſented by itſelf at G G; this has a Tail at K; this Tail is put into 
the Arm, and faſtened by the Screw M, which is turned by the 
Key 8, ſo as to be immoveable. | | 

The Handle H is faſtened to this Plate, thro' which the Screw 
I paſſes, by help of which a ſecond ſmall Plate E, which is lets 
than the other, is joined to G G. The 
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The ſmall Plate L, has a ſmall Hollow in the midſt of its upper 


Surface, that the Screw I, which goes into this Cavity, may al- 
ways preſs upon the fame Place. Both the Plates are of Steel, and 
have their contiguous Surfaces rough, 

The Fibre, or thin Plate, whole Elaſticity is try'd, is ſtretched 
and its Ends, on either Side, are faſtened between the thin Plates 
mentioned, by preſſing them together by the Screws 7, f. 

The Fibre ſo ſtretched is parallel to the Surface of EF, and 


paſſes through the copper Plate u, which is repreſehted by itſelf 


at N; and is ſuſpended upon the Middle of the Fibre. 

A greater Copper Plate P is joined to the Machine fo, as to be 
parallel to the Plane of EF, and to have its anterior Surfice at a 
ſomewhat leſs Diſtance from this Plane than the Fibre itſelf. 

This Plate has an Index QR, which turns about freely; its Mo- 
tion is meaſured by Diviſions of a Portion of a Circle, of one 
Foot diameter. In its Circumference ſixteen Inches are divided 
into an hundred Parts ; which Parts may be ſubdivided. 

The Axis of the Index is retained at the back Part of the Plate P, 
that the Motion of the Index may not be hindered; for this 
Index muſt have a Tail, that it may be in /Equilibrio in every Si- 
tuation. 

Between the Surface of the Plate P and the Index, there is put 
upon the ſame Axis a ſmall Pulley, which is moved together with 
the Index: but if it be retained, the Situation of this laſt may be 
altered; as the Situation of the Index of a Clock may be changed, 
without moving the Wheels. 

The Pulley has two narrow Grooves going round it; the neareſt 
to the Surface, receives a Chain, like that of a Watch; the Dia- 
meter, meaſuring from the Bottom of the Groove, and adding the 
Breadth of the Chain, is three Quarters of an Inch. The other 
Groove receives a filken Thread, and the Diameter of the Pulley, 
meaſuring from the Bottom of it, and adding the Diameter of the 
Thread, is alfo three quarters of an Inch. | 

One End of the Chain is faſtencd in the Groove, and goes about 
Part of the Pulley ; the. remaining Part of the Chain being 
ſtretched vertically downwards, anſwers to the Plate N, which is 
hung on the Middle of the Fibre. There is a Prominence o in the 
upper Part of this Plate N, which has a Slit; thro' this there 
paſſes a thin Piece, which is taken hold of by a Hook, joined to 
the End of the Chain. To the Thread, which goes about the 
Pulley in a contrary Direction, there is faſtened a Copper Fee 
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T, exactly of the ſame Weight with the Plate N and its Hook V. 
This Cylinder has two Uſes; it always keeps the Chain ſtretched, 
and ſuſtains the Plate N with its Hook V ; which therefore does 


not preſs upon the Fibre with its Weight. 
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It follows from what has been before explained *“; that the 
Laws of Elaſticity may be explored by making ule of this 
Machine. 

If a Fibre, or metallic Chord be ſtretched, by applying ſeveral 
Weights ſucceſſively to the Middle of it, the Sagitta may be ob- 
ſerve l. The Plate N draws the Chain; this goes about the Pulley, 
whoſe Diameter is equal to a ſixteenth Part of the Diameter of 
the divided Circle, which the End of the Index runs along *; 
but each Diviſion of this Circle, anſwers to a hundredth Part of 
an Inch in the Sagitta. 

But the Sagittæ being g:ven, their Lengthenings may be com- 
pared together; and the Encreaſes of the Tenſions, cauſing them, 
may be determined; but this Method is liable to great Inconve- 
niences. By this, as the Weights are changed in an arithmetical 
Progreſſion, I could not come to a regular Series of Lengthenings, 
and Tenſions, without applying Corrections in the ſmaller Sagittæ, 
ſcarce exceeding the thouſandth Part of an Inch. But as, theſe 
Corrections being neglected, which are diſcovered with Difficulty, 
and yet muſt be ſought for, becauſe theſe very ſmall Errors can 
ſcarce be avoided, we can diſcover nothing regular, I looked for 
another Method; and this I thought the more neceſſary, becauſe, 
when the Sagittz are greater, that is, of one Inch, or more, an- 
other Irregularity is diſcovered, which I believe is to be attributed 
to a too great Inflection in the Middle. 

For theſe Reaſons I ſelected a certain mean Sagitta, according 
to which I bent the Fibre in all the Experiments; and it will 
appear in the Experiments themſelves, that no other Inflections are 
required, . 

But it follows from what is ſaid before *, that the ſmaller Sa- 
gittæ are of Uſe, vhen we treat of determining the Tenſion itſelf, 
before the Inflection. 

The mean Sagitta which I make uſe of, is o, 4 of an Inch. 
The Lengthening C e, of the Part C B, is diſcovered in this Situ- 
ation, by dividing the Square of the Sagitta C c by the Diameter 
of the Circle, of which ce is an Arc, that is, by A B* ; which 
Length in my Machine is 34,5 Inches. Therefore C e is equal 4 
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O, 0046 of an Inch: that is, it is not a two hundredth Part of an 
Inch, and the Lengthening of the whole Fibre wants ſome what 
of an hundredth Part of an Inch; it is equal to O,0092 of 
an Inch. 
But we diſc6ver this general Law of Elaſticity, That 7he leng- 1309 


thening of the Fibre, ceteris paribus, follows the Proportion of the 
lengthening Force. 

A Fibre has no Elaſticity, as we have ſeen, except it be ſtretch'd 
by 2 certain Force * ; whilſt it is ſo ſtretched, it is lengthened ; but * 1:3), 
we are not ſpeaking of this lengthening. 

We ſuppoſe the Fibre ſo ſtretched as that it may be made 
claſtic ; any Force whatſoever being ſuperadded, we aftirm that 
the Lengthening ariſing from it, follows the Proportion of this 
very Force, 


EXPERIMENT. 


We make uſe of a Braſs Chord, of the Sort that is uſed in ſome 126 
muſical Inſtruments. In the Experiment, which I am now about pi n 
to explain, I made uſe of ſuch an one, as weighed 24 Grains. is. 4. 
This was the Weight of the Part ſtretched between the Plates 

which retain it ; and the Length of this Part is, as we faid, thirty 


© 


four Inches and an half “. | 3 

The Chord is applied to the Machine +; firſt, one End is faſten'd, 1 18. 
the other End is drawn by Pincers, which paſſes between the Plates + 1299 
GG, and L, and the Chord is ſtretched, the other End of which 
is then alſo faſtened, by turning the Screw 7. 

The Chord paſſes thro' the Hole O, as was ſaid; in the upper 
Part of which there is a ſmall Inciſion, that the Chord may al- 
ways anſwer to the ſame Point of the Plate. 

To the Hook V of the Plate N is faſtened a Weight equal to a 
Drachm, or rather greater, the Diviſion to which the Index anſwers 
is obſerved; and the Plate has moreover two, three, or four 
Drachms hung upon it, and the Space paſſed thro' by the Index is 
obſerved. By this we determine the Encreaſe of the ſmaller Sa- 
gitta, from the Addition of one Drachm ; and by comparing ſeve- 
ral Trials with one another, all Doubt is removed. As long as the 
dagitta does not exceed ten Diviſions, that is, is leſs than the tenth 
Part of an Inch, it is encreaſed and diminiſhed according to the 
Ratio of the bending Weight; whence it follows that the Tenſion 
> not changed in theſe Inflections *. 


Vor. I. : Tt The 
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The Encreaſe found of the Sagitta is equal to the Sagitta itſelf 
when the whole bending Weight is equal to one Drachm. ; 
This being diſcovered, we mult determine the Encreaſe of the 
Sagitta from the Weight of the Chord itſelf. This, being left to 
itſelf, is bent by its own Weight; but, as its Weight acts in the 


midele of it, it may be looked upon as conſiſting of two right 


Lines; each of which having one End ſuſtained, acts in the 
Middle with half its Weight ; without conſidering its ſmall Incli- 
nation to the Horizon. 

By the Trials taken notice of I diſcovered, that three Drachms 
give a Sagitta, equal to four; I hang on this Weight of three 
Drachms, and have the inflecting Weight of three Drachms 
and twelve Grains, or a fifth Part of a Drachm, by reaſon 
of the Weight of the Chord. The Sagitta anſwering, to 
this is 4 2, if the Index anſwers to this Diviſion, the Diviſions 
ſhew the true Magnitudes of the Sagittz. If the Index anſwers 
to another Diviſion, its Situation may be changed *; but, as it is 
difficult to do this in ſuch manner, as to make it anſwer exadly 
to the Point required, it is ſufficient to obſerve, in this Experi- 
ment, that the Beginning of the Diviſions is removed from the 
Point, to which the Index now anſwers, four Diviſions and a 
Quarter; and we ſhall have the Situation of the Index diſcovered, 
when the Sagitta 1s equal to forty, or four tenths of an Inch. We 
had this Situation, when the inflecting Weight was equal to four 
Ounces and a half, that is, thirty-{ix Drachms. 

The Experiment was repeated after the ſame manner, en- 
creaſing the Tenſion of the. Chord fo, as to have the Sagitta 
five, when a Weight of one Ounce was hung on; it was forty, 
when eight Ounces and ſix Drachms were hung on. 

The Tenſion was encreaſed again fo, as to make the Sagitta four, 
when one Ounce was hung on; it was forty, ten, Ounces and {1x 
Drachms being hung on. 

Making the Computation with the ſmaller Sagitta *, we diſcover 
the Tenſions before any Inflection, to be in theſe Proportions. In 
the firſt Caſe , 

O,04 : 8,625 : : 3 Dr. : 6486 Dr. = 5 Pounds and 7 Drachms 
nearly. In the ſecond Caſe, | | 

Q,04 : 8,625 :: 8 Dr.: 1380 Dr. = 11 Pounds, taking 
away, halt an Ounce. In the. third Caſe, | 

Goes. 3,025 ::-8. Dr. : 1730 Dr. 25 13-: Pounds, wanting 
three Drachms. If in theſe three Caſes, the Tenſion ſhould = 

| a 
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be encreaſed, when the Inflection is encreafed, the Sagitta would 
encreaſe as the inflecting Weight“. Then the Sagitta would * 1237. 
be equal to O, 40, in the firſt Caſe, a Weight of thirty Drachms 
being hung on. In the ſecond Caſe, when a Weight of half 
x Pound was hung on. In the third, when a Weight of ten 
Ounces was hung on. But in theſe three Caſes, theſe Weights 
were to be encreaſed equally, namely by fix Drachms. But we 
diſcover the Encreaſe of the Tenſion from theſe fix Drachms, by 
this Proportion “, | 5 

O, 40: 8,625: : 6 Dr.: 129,4 Dr. = r Pound and 1 + Dr. 
nearly. 

The Experiment proceeds in the ſame manner, any other Ten- 
ſion whatſoever being given; whence it follows, that the Tenſion 
being encreaſed by a Quantity, equal to one Pound and a Drachm 
and an half, the lengthening of the Fibre is always equal to 
0,0092 of an Inch; if an equal Weight be again ſuperadded, the 
new Lengthening will be equal to the firſt alſo, and a double 
Weight gives a double Lengthening, and the Experiment evinces, 
that the Lengthening follows the Proportion of the Weight ; as 
was ſaid before *. \ * 13:8. 
In Chords of the ſame Kind, Thickneſs, and which are equally 1518. 
rretched, but of different Lengths ; the Lengthenings which are pro- 

duced by ſuperadding equal Weights, are to one another as the Length 

of the Chords. For the Chord is equally ſtretched in all its Parts ; 
therefore the Lengthening of a whole Chord is double the Lengthen- 

ing of half of it, or of a Chord of half the Length. 

The Lengthenings of Fibres of the ſame Kind, and Thickneſs, are 1319. 
therefore in 4 Ratio compounded of the Lengths, and Weights by 
which they are lengthened+. + 1308. 
If the Fibres are of different Thickneſſes, tho' of the ſame 
Matter, the Forces, which lengthen Fibres of equal Length equally, 1329. 
are nat to one another, as the Quantities of Matter in the Fibres ; 
and I diſcovered in the Experiments, which I made with different 
Chords, that this Ratio is ſometimes greater and ſometimes leſs 
than that. Whence it follows that @ greater or leſi Elaſticity, n 1321. 
Bodies of the ſame kind, cæteris paribus, depends upon a certain 
peculiar Diſpofition of the Parts. Which is alſo deduced from 
what has been obſerved concerning Elaſticity, in the Beginning of 
Wis Chapter +. e 
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CHAF lit. 
Of the Elaſticity of Plates. 


E deduce from what has been ſaid of the Elaſticity cf 
Fibres, what relates to Plates. For a Plate may be con- 
ſidered as a Congeries, or Bundle of Fibres, tho' the Elaſticity of 
all of them may be changed from their being joined together *; 
if we conſider a thin Plate, not very broad, we may make Expe- 
riments concerning its Lengthenings, by hanging on Weights, af- 
ter the fame manner as we did with the Fibres. Theſe Ex- 
periments will ſhew that the ſame Law of Elaſticity, delivered be- 
fore , obtains here alſo; namely, That the Lengthening of the 
Plate follows the Ratio of the Force by which it is lengthened. 


EXPERIMENT F. 


This Experiment is made in the ſame manner, as that which 
was explained in the foregoing Chapter * ; a Plate 1s uſed inſtead 
of an elaſtic Chord. | 

I made uſe of two Watch-Springs ; cutting off the Ends hav- 
ing the Holes, one of theſe was divided into two equal Parts ; which 
were well faſtened to the Ends of the other. 

Theſe Springs, being joined, made a long Plate of thirty-cight 
Inches and a Quarter, weighing eighty-four Grains ; but the Plate 
is doubled in the Places where it is joined; wherefore this is the 
Weight of a Plate thirty-nine Inches long. The Part, which “ 
lengthened by the Inflection, is thirty-four Inches and an halt 
long; adding the Parts doubled, it is thirty-five Inches and 1 
Quarter long, and weighs ſeventy-ſeven Grains; and any inflecting 
Weight whatſoever is encreaſed by thirty-three Grains : that , 
this Weight was to be added: to the Weight applied, that the in- 
8 Weight might be determined. We have neglected thiec 

rains. | 

This Plate is applied to the Machine, ſtretched, and faſtenci, 
as was ſaid of the Chord * ; but Pincers having a Screw, are to be 
made uſe of. The Plate is put thro' the Hole O; the Breadth ot 


the Plate filling up the Breadth of the Hole, the Plate moving 
freely in it. ry 
| Nov 
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Now theſe are the different Trials. 

Two Ounces and an half gave the Sagitta ten; and eighteen the 
Sagitta forty. 

Four Ounces gave the Sagitta ten; twenty-four the Sagitta 
forty. 

1 heſe we had in the ſmaller Tenſions; it is needleſs to men- 
tion the mean Sagittæ, I paſs to the greater. 

Eight Ounces gave the Sagitta ſeven, fifty-three Ounces and 1328. 
three Quarters, the Sagitta forty. 

Eight Ounces gave the Sagitta ſeven ; ſixty-one and an half, the 1329. 
Sagitta forty. 

The Computations are made, as was faid of the Chords +, 1330. 
But the inflecting Weight in this Experiment, the Sagitta forty be- + 1316. 
ing given, always exceeded by eight Ounces the Weight, where- 
by this Sagitta ſhould be had, ſetting aſide the Encreaſe of the 
Tenſion. 

But the Tenſions themſelves were as follows : 

In the firſt Trial *, it was nearly thirteen and an half Pounds, 326. 

In the ſecond , it ſomewhat exceeded twenty-one Pounds 
eight Ounces and an half. 

In the third 4, it was fixty-one, nine Ounces and an half. t 1528. 

And in the laſt ||, it wanted two Ounces of ſeventy-two | 29. 
Pounds. 

And in each of theſe Tenſions, which differ very much from. 
one another, we had the ſame Lengthening, namely O,0092 
of an Inch, the Tenſion being encreaſed by ten Pounds twelve 
Ounces and an half. 

We had the ſame in all other Tenſions that we examined. 

Therefore the Concluſions, which we deduced from the Ex- 1331. 
periment of the foregoing Chapter *, follow from this alſo. *1317. 1318. 

Many elaſtic Plates are able to ſupport themſelves ; that is, if you “39. 


1326. 


1327. 


1 


fix one End, the Plate is not bent by its own Weight; if it be bent 1332“ 
by any outward Force, it will, when left to itſelt, move and 

make many Vibrations, as was demonſtrated before of the ſtretched 

Fibre 1. ＋ 1292. 


In ſuch an Inflection, the Plate is lengtliened by a different 
Force in different Points; that is, if we conceive a Plate, divided 
into innumerable infinitely ſmall and equal parts, theſe parts are 
lengthened uncqually in the Inflection. | 

If the lengthening of one Particle only ſhould be given, as this 1332. 
Would follow the Ratio of the lengthening Force &, 27 e 1308. 


S #0 
22 en. 


424. 


1336 
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when left to itſelf, always return to its former Situation, in ay 
equal Time ; for we may apply here the Demonſtration of the Mo- 
tion of Fibres *. 

But different Particles, lengthened ſeparately, would not return 
in equal Times; becauſe they would carry with them different 


Quantities of Matter: for we do not ſpeak of the Parts taken ſe. 
parately. 


But when a Spring is bent, and left to itſelf, all the Parts perform 
their Vibration in the ſame Time; the Motion of ſome of them 
being accelerated, whilſt that of the others is retarded ; as in 2 


- componnd Pendulum . 


But in different Inflections of the whole Plate theſe Acceleration: 
and Retardations, depend upon the ſame Cauſe ; namely, upon the 


Matter to be moved by the Actions of the different Particles of 
the Plate, 


From this we deduce, as theſe Actions acting ſeparately, would 
always perform their Motions in equal Time in any Inflections what- 
ſoever Þ ; that they now allo, when they are changed always by 
the ſame Cauſes, perform their Motion in equal Time ; and that 
therefore all the Vibrations of the ſame Plate, how unequal. ſoever, 
are performed in the ſame Time; and that the Plate is moved ac- 
cording to the Laws of a Pendulum vibrating in a Cycloid : for 
we have demonſtrated in N. 414. that this Pendulum is thus 
moved, | 

Theſe Laws are, that the Action upon the Body, in each point 
of the Way to be paſſed thro', is as the Diſtance of the Point 
from the Place in which the Body can be at reſt *; and that 
the Force is ſuch, as acts upon the Body in Motion as upon a 
Body at reft +, ſuch as we have ſeen the Force of Elaſticity to be 
in the foregoing Chapter 7. 

Whence we. infer, that the various Inflections of the ſame Plate 
are proportional to the Forces by which the Plate is retained in thee 
Inflections. Let A B be a Plate, whoſe End A is fixed, let it be 
retained by two Forces, in the Situation A & and Ab; if one be 
double of the other, b & and & B will be equal. 


EXPERIMENT 2. 


The Plate A conſiſts of many elaſtic Plates joined, it is put into 
the Box B; and is there moved on both ſides between the Rulers 
cd, cd; two Threads are faſtened to the upper Part of the Plate, 


and are put thro' Holes in the Bottom of the Box, and joined to 
the 
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the Braſs Plate E; to the middle of which is faſtened” another 
Thread, on which is hung the half-pound Weight P. The Weight 
deſcends half an Inch ; an equal Weight being ſuperadded, it de- 
ſcends half an Inch more; and fo on, till the Plate can be no 
longer preſſed together. ; 

Every ſmaller Plate is inflected in proportion to the Weight *, 1338. 
and the Motion of the Weight from all the Inflections joined, 1330. 
follows the ſame proportion. "The Experiment is made with man 
Plates joined, becauſe the Direction of the Action of the Weight 
upon the Plates is not ſenſibly changed in the various Inflections. 

What is ſaid of the Inflection of the Plates, may be applied to 1449. 
the curve Plate ACB; if this be loaded with two Weights fo as Pl. XLIII. 
to acquire the Situations ac 6, a c b, and the Weights be to one * 
another, as one to two, the Diſtances c c, and c C will be equal *; * 1336. 
therefore the Introceſſions of the Point C are, as the Weights where- 
by the Plate is loaded : which alſo may be referred to the Intro- 
ceſſions of many Plates joined. 

We ſhall determine the whole Action, whereby a Spring is 
bent, by collecting into one Sum all the ſmall Actions, whereby the 
Inflection is encreaſed ſucceſſively. 

Let A B be the Space paſſed thro” in the Inflection; and B C the Pl. XLII. 
Force, which retains the Plate bent in that Situation; drawing A C, * 7. 
and DE parallel to BC, D E will be proportional to the Action, 
which would retain the Plate in the Inffection AD *. Whilſt it is * 1346. 
bent, it paſſes thro' all the intermediate Inflections, between the 
ſmalleſt Inflection and the greateſt A B; and the whole Action, 
whereby the Plate was ſo bent, is equal to all the Actions to- 
gether, by which it might have been retain'd in all the ſmaller In- 
flections, thro' which it paſſed. This Sum is repreſented by the 
Surface of the Triangle AB C; as appears, if we refer hither what 
is contained in N. 4373. and N.750. and the following ones. 

Therefore, the whole Force in the Infletion A D is to the whole 
Force in the Inflection AB, as the Triangle ADE is to the Tri- 
angle A B C; whence it appears that the whole bending Forces are 1341. 
in a duplicate Ratio of the Inflections themſelves X. „10 El. 6. 

Let us ſuppoſe an Inflection to be made, by hanging on, or 1342. 
applying a Weight; and let BC be the Weight, by which tne 
Plate is retained in the Infletion AB. The whole Action of the 
Weight, whilſt it deſcends along A B, which follows the Ratio of 
the Weight itſelf, and the Ratio of the Space paſſed thro' in the 
Deſcent, is proportional to the whole Surface AB CG“, which » 2, Fl. 6. 
Is twice as great as the Triangle A BC +; and the W oe + 41. El. 1. 

: eight. 


1340. 
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Weight B C, which keeps the Plate bent, by the Inflection itſelf 
A B, which is equal to the Space run thro' by the Weight in its 
Deſcent, is equal to the double of the whole bending Force ; that 

1343. is, the whole Action, by which the Spring was bent, is equal to the 
Force, which the Weight mentioned acquires, in falling from an 
Height equal to half the Infection. 

a The Spring, whilſt it is relaxing, produces an Action equal to 
etz. that, by which it was bent, if the Elaſticity be perfect * ; therefore 
1344. Le Forces, communicated by the Relaxations of a Spring, are as the 

+ 1341. Squares of the Inflettions +; and the Velocities are as the Inflec- 

1345. tions ||; which are as the Forces, by which the Spring is kept in its 

! 7335, Situation 7. 


EXPERIMENT z. 


1346. Almoſt all, that was delivered in Exper. 2. Chap. xi. of this 
2778. Book *, is of uſe here alſo; therefore laying down what is had in 
N. 778; we muſt obſerve that the Catches p 9, pq, (Pl. XXVI. 
Fig. 3.) muſt be removed from the Plate, which they are applied 
to, before it is fixed in its Place. | 
The Axis F alſo (Pl. XXVI. Fig. 2.) which is joined to the 
Hammer m, is removed. All theſe are eaſily taken away, by 
looſening the ſmaller Screws. The Pulley R is put upon the Sup- 
ports p, p, and turns about freely. 
pl. XLIV. The Rectangle A being ſuſpended, as was faid, a Cylinder 1s 
Fig. 1. put into it, which makes the Maſs 4; as in the ſecond Caſe of 
| the ſecond Experiment, mentioned in the ſecond Chapter of this 
Book. The ſmall Tongue of the Spring anſwers to the Hole in the 
Plate g /, from which the Catches were removed. A ſmall Thread 
is put thro' the Hole in the anteriour part of the ſmall Tongue“, 
and being doubled, paſſes thro' the Plate /g, and the next to it bc 
alſo, and is put about the Pulley rx. 
1347 The Weight P of three Pounds is hung on; the Ends of the 
" Thread being firſt tied together. The Thread is cut ſuddenly with 
a pair of Sciſſars between the Pulley 7 and the Plate & c; but the 
Thread is doubled, but only one of them is cut; and the Body 
being treed, aſcends to the Diviſion 5,2. | 
If we hang on five Pounds inſtead of three, the Body aſcend: 
beyond the Diviſion 8, 6. 
Therefore the Velocities are, as 52 to 86 and an half, or 483 
to 5; that is, as the Weights hung on. Py 
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By.this Experiment we can determine the Defect of Elaſticity in 
the Spring; by comparing the Aſcent of the Weight projected, with 
the Deſcent of the inflecting Weight, as is ſheven in the following 
Schalium ; in which alſo we ſhall ſee, how the Time itſelf, in which 
the Spring was, relaxed, is determined. 

In the Spring, which we made uſe of in this and other Experi- 1 350. 
ments, the Elaſticity is to perfect Elaſticity, as 11. to 12. nearly, 

taking into conſideration the Forces communicated; but the Velo- 

city communicated by this Spring, is to the Velocity, that would 

ariſe from perfect Elaſticity, as 22. is to 23. nearly; and in this Ex- 
periment of ours, ſuppoſing the Elaſticity to have been perfect, 

the Velocities would have been 5,43, and 9,03. N 

The Time, in which our Spring is relaxed, which is the ſame 1351. 
whether the Spring be leſs or more bent *, ſcarce exceeds two * 1335. 
hundred twenty ninth parts of one Second, when it drives forwards 

the Body, which we made uſe of in this Experiment. If the 1352. 
moved Body is different, the Time is inverſely as the Velocity com- 
municated, or directly in a ſubduplicate Ratio of the Maſs. 

In the laſt Experiment the Thread paſſes through the two Plates 13 fz. 
Fg, 6c; becauſe I made uſe of the fame Machine, which I uſed 
in the ſecond Experiment of the eleventh Chapter of this Book *, * 778. 
but it may be demonſtrated as exactly by a more ſimple Machine; 
but it is needleſs to make uſe of two Machines, when one is ſut- 
ficient. Yet I do not think it improper to explain this more ſimple 
one alſo, 

The  Copper-Plate D.BC is fo bent, as to have its two Parts 
DB, BC, at right Angles to one another. To the Part D B is Plate XL1V. 
joined, at right Angles to it, the Plate E, having a Screw h. This Fig 2. 3: 
Part DB is applied to a Board &, as is ſeen in Fig. 4. and 5; the * 76⁰ 
Plate E goes thro' an horizontal Slit in the Board, and may be 
moved a little in this Slit, which is required in the Experiments +; þ 598; 505; 
but it is faſtened by the Screw hg, the Copper-Plate / being put 
between, that the Wood may not be damaged. 

Theſe Things being given, the Plate B C ſtands at right Angles 
to the Board *; it is vertical and perforated at L. The Pulley R, . 760. 
that turns freely upon its Axis adheres to the Plate B C, the Ends 
of the Axis going into the Supports p, and p, and having Holes there 
to turn in. 

The Figure itſelf ſufficiently ſhews that there is no Difficulty in 1355. 
the Experiment, | 1 96 „ . XIX. 
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By making uſe of this ſame Plate, we eaſily make the ſecond Ex. 
periment of the eleventh Chapter of this Book; taken notice of be. 
fore: But in this the ſmall Tongue of the Spring muſt be perforated 
and not have its fides indented “. The Pulley R with its Supports 
is removed: the Rectangle is ſuſpended, as in the ſaid Experiment 
the ſmall Tongue of the Spring is ſo put into the Hole L, that one 
or other of the Holes of the Tongue itſelf may come behind the 
Plate BC ; into this Hole is put the Pin M, made of a Braſs Wire: 
the Spring is now bent, and the Inflection may be varied, by means 
of the different Holes in the ſmall Tongue; the Spring is let looſe, 
by drawing downwards the Pin M ſuddenly ; and that this may be 
done more conveniently, the String F is tied to it. The reſt does 
not differ from what is deſcribed in the Experiment mentioned +, 

By this Method, tho? it is not very nice, the Experiments may 
yet be made with ſuch Accuracy as to leave no doubt about the 
Concluſion ; becauſe it plainly appears that there muſt be ſome De- 
fect in the Machine. | 

If in the firſt Experiment of the ſixth Chapter of this Book®, we are 
alſo willing to recede from the more perfect Method, delivered there, 
we may make uſe of a Method, like that, which we have juft now 
been deſcribing. 

Inſtead of the Machine, joined to the Rectangle, and deſcribed 
in N. 090. and the following, we uſe a Copper-Plate, bent, as is 


repreſented at gf; which we alſo join to the Rectangle +, by 


help of two Screws, going through Holes, one of which is ſeen 
at o. The anteriour part of the Plate f g has its middle L per- 
forated. : 

This Plate joined to its Rectangle is repreſented at B in Fig. 7. 
The Rectangle A has a Spring joined to it, as in the foregoing Ex- 
periments. Theſe Bodies are ſuſpended, as is ſaid in the Ex- 
periment of which we are now ſpeaking t; the Tongue of the 
Spring is put into the Hole of the Plate F g, and the Spring is bent, 
and retained by the Pin M, as is ſeen above “. . 

To ſeparate the Bodies we muſt draw the Pin M, by the String 
T, out of the Hole of the Tongue of the Spring; but the Threads, 
by which the Rectangles are ſuſpended, are ſo lengthened, as to 
make the Motion very irregular, when the Rectangles are ſeparated. 
To remove this Inconveniency, we put into the Board, along which 
the Bodies are moved, perpendicular to its Surface, a Pin made ot 
a thick Braſs Wire, as 1s repreſented at S. Then the Plate fg will 
not deſcend, when the String T is pulled, for the Pin is fo placed 
as to make the Motion regular enough, | The 
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The reſt may be ſeen in the Experiment itſelf mentioned *. 13 59. 
If we make this Experiment after this Method, it will be a leſs 10935 
Expence; but the Experiments will not agree entirely with what 

is demonſtrated ; but it will appear more plainly that the Errors 

are to be attributed to the Machine itſelf, if each of the Experi- 

ments be repeated with the Maſſes tranſpoſed. If, for Example, 

the Maſs of B be four, and that of A three ; we mult repeat the 
Experiment, putting the Maſſes, of A four, and B three. 

As theſe laſt Methods *, which I formetly uſed myſelf, are very 13341355 
fimple, I thought proper to deſcribe them here; but I did not 358. 
make mention of them before; becauſe all the Experiments, of 
which we ſpeak here, do properly belong to this Chapter : but 
the Order of the Demonſtrations required, that the Experiments 
themſelves ſhould be firſt delivered; wherefore J have explained 
one perfect Method only, for all the Experiments. 


SCHOLTITU M. 
The Explication of the Numbers 17 50. 1351. 1352. 


E have ſcen before, that the Body in our Machine is raifed to the | - 
Height of one Inch, when it is moved with the Velocity 14,6 * ; 883. 
but in thoſe Experiments the Length of the Threads, by which the Body ; 
was ſuſpended, was different from that, which obtained in the Experi- 
ments, of which we are now treating, and in thoſe alſo, which were made | 
before with the Spring “; in theſe the Aſcent is one Inch, when the + --, <;., 
Velocity is 14,2. . 
The Heights are as the Squares of the Velocities 4; therefore 1384 399 
14,23 513 1: 0,134 7, 
And this is the Height, to which the Body arrived in the Experiment ; . 
which if we multiply by the Weight of the Body itſelf, che Product wWill 5 
expreſs the Action of the Spring. 
The Rectangle together with what is added to it || weighs four Ounces |. 
and a Quarter ; the Weight was quadruple in the Experiment, and was 771. 
5 to 12 Pound; therefore the Action of the Spring was equal to 
O, 1302. 8 
The Action, by which the Spring was bent, which is equal to the 1302. 
Action, by which it is relaxed, when the Elaſticity is perfect, is had by 
multiplying half the Inflection by a Weight of three Pounds *. 8 
The Infſection of the Spring, in Exper. 2. Chap. xi. F was o, 10 of an ? ” 1 
ach; and being relaxed, it communicated to the ſame Body, of which we 7770 
| Uu 2 are 
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are now ſpeaking, the Velocity, 8,4 ; but the Velocities, in the fame 


Body, are as the Inflections *; therefore 


1 84 52 : : 0,16 : 0,99. = the Infection ſought. 
This Infection being multiplied by three, the half of the Produc 
0,297, that is, o, 1483, gives the Force ſought. _ ay 
| Therefore we find that perfect Elaſticity, is to the true Elaſticity, 4 
1485, is to 1362 +, that is, as 495 is to 454 ; nearly as 11 to 12. 
But as the Forces are as the Squares of the Velocities “, the Velocity, 
communicated by the Spring, is to the Velocity, in perfect Elaſticity, as 
422% 25-193 45 | 
And in the Experiment, of which we are now ſpeaking, the Velocities, 
which in the firſt * and ſecond +, Trial were 5,2. and 8,65. would have 
been 5,43. and 9,03. if the Elaſticity had been perfect; as we have ob. 
„„ Tc Tr TIT 
The Time, in which the Spring, of which we are ſpeaking, is relaxed, 
is always the ſame, as long as the ſame Body is moved; we will now exa- 
The Inflection was o, 16 *, 
and the Velocity 8,4. 1 
In the Experiments, of which we are ſpeaking, the Length of the 
Pendulum moved is 50,5 Inches; and whilſt the ſuſpended Body is moved, 
it deſcribes the Arc of a Circle, whoſe Diameter is 101 Inches, and when 
the Velocity is, 14,2. the Sine of the Arc deſcribed is ten Inches; to 
which anſwers an Arc of 11. Deg. 25”. The Arc deſcribed in the Ex. 
periment is diſcovered by this Proportion, | | 
3 ; 243 04: i, 25-:0*, 45. 
whoſe Length is 5,949 Inches. W 
. The Duration of the Vibration of a Pendulum; whoſe Length is 50,5 


Inches, is 1”, 1524 ; and in half of this Time, that is in 0,767, the Bod) 


runs thro' an Arc of 5,949 Inches; the Spring, whilſt it is relaxed, moves 

according to the Law of a Pendulum vibrating in a Cycloid “, and may 

be conſidered as if it ran thrg* an Arc ſimilar to that, which the Body itſci 

runs throꝰ; wherefore the Spaces paſſed thro? are as the Times +; therefore 
65,949: 0,16 ::0",5767: 0",0155 = the Time ſought. , 

This Time ſcarce exceeds 2 of one Sec6nd'; as was Raid in N. 1351 


1 


2 We. 5 ' . nnn n * 
The Computation ſhews that he Time, other Things remaining the ſame, 


follows the inverſe Ratio of the Length of the Arc. ed thro'; whilſt the 


Arc itſelf follows the Ratio of the FVe'oeity * Which is the Cale, if ti: 
Elaſticity be changed, the Infection remaining. 


We have the ſame Duration by another Method, in which whiat 1 


delivered in the Beginning of this Scholium is of uſe ; namely thar the In 


flect ion of the Spring 15 0,099 ||, when the vertical Aſcent 'of the Body 
projected by the Spring is o, 1341 parts of an Inch . 5 
Now if it be known elſewhere; that the Body in 1”. falls from an Helge 
of 18,6644 Inches | ; we diſcover the Time of the Fall from a Height 
of o, 1341 parts of an Inch; and it is o“, 267 “*. The 


The Inflection of a Spring is made according to the ſame Laws, to 1 369. 
which a moving Body is ſubject, which loſes its Motion in making a para- 


Rule of N. 897. takes place here alſo in the Relaxation of the Spring, if 335 
inſtead of the Depth of the Cavity we put the Inflection of the Spring 
o, ogg; and inſtead of the Height, there mentioned, that, to which the 
Body was projected o, 1341 Parts of an Inch. 

Suppoſing the Diameter to be to the Circumference, as 113 to 353 1370. 
we have this Proportion, 
o, 1341 X113: 0,099 x 88,75 : : O0, 0267: 0",0155. 
And we diſcover again 0,0136. | 

This is the Time, in which the Spring is relaxed : if we conſidered its 
Inflection, the Time would be leſs ; becauſe when a Spring is to be bent, 
the Body muft be projected with that Velocity, with which it would be 
repelled if the Elaſticity were perfect; and the Time is diminiſhed, when the 
{ime Inflection is treated of, in the Ratio in which the Velocity is en- 
creaſed *. | * 1366. 
If the Maſs be changed, other Things remaining, the Velocity follows 1371. 


direct Ratio is, which the Time follows ||; as was ſaid in N. 1352. | 1396. 


CHAP. XIV. 
Of Elaſtic Solids 


% 


1 firſt we conſidered the Length only, then Length and Breadth 

together : but we muſt now conſider the three Dimenſions together. 

In this laſt Caſe, we do not ſpeak of the Inflection, or lengthening 

of the whole Body, as in the two foregoing Chapters ; but the In- 
flection of the Parts has a kind of Agreement with the Introceſſion 

of the Parts in ſoft Bodies. 

and chi that is ftruck, theſe yield; and the Inflections of them 3 5 

all taken together are equal to the whole Force, which is deſtroy d 

in the Percuſſion of the Body *. If the Parts of the Body be * 934 

preſſed inwards by a different Force, the Inflections of each of the 

Plates are differetit, and in each the Inflection follows the ſubdu- 
plicate Ratio of the Force acting upon the Plate 4; but we ſpeak t 134!- 

of the ſame Plates, and the whole Action, whether it be greater or 

leſs, is diſperſed in the ſame manner thro' them, wherefore the In- 

flection of all of them is made according to the fame Rae ; 1 
CCH. 
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bolic Cavity in a ſoft Body, of which we treated above || ; wherefore the || 891. 893. 


F 
— Ur = 
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the mverſe ſubduplicate Ratio of the Maſs + ; the Inverſe of which this + 731-732. 


N the two foregoing Chapters we treated of Fibres, and Plates; 1372. 


Every Elaflic Body may be conſidered as a Bundle of Plates, „ d. 
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 Titreceſſion of the external Plate, which we can often meaſure 
is in a. ſubduplicate Ratio of the whole Force preſſing the Part; in. 
wards, - 
Any one of theſe Plates, if ſeparately relaxed, would return to 
its former Situation in equal Time, whether it were more or le; 
1335. bent *; whence we deduce, that, when theſe are all joined toge- 
1374. ther, the Relaxation of the Parts bent 1s likewiſe always made in 
| equal Time, when the ſame Body is moved by this Relaxation, This 
will appear if, making the proper Alterations, we apply to this 
place, what was ſaid of a Plate bent in N. 1334. | 
If we would apply this to elaſtic Spheres, and thence deduce 
Concluſions, we mult premiſe ſome things. 

1375: Let ACBE be a Sphere; let us ſuppoſe the Point C to be 
PI. XLIV. preſſed inwards as far as D; that is, the Surface A C B to apply 
itſelf to the Surface of another Body; then, if it makes a Spot 

1376. there, the Diameter of the Spot will be equal to the Arc ACB. 

But this Arc is always very ſmall, and may be looked upon as 
the Sum of the Subtenſes A C, CB; and alſo as equal to the 
Line A B. 

1377. Drawing AE, the Triangle CAE is right-angled * ; where- 

El. z. fore the Triangles CAD, CAE are ſimilar ; and DC, CA, 

4 El 6. CE are proportional , whence it follows that the Square of the 

Baubtenſe is equal to the Rectangle made of the Abſciſs C D and 

17 El. 6. the Diameter C E ||. Therefore the Squares of the Subtenſes 

1378. AC, a C, are to one another as the correſponding Abſciſſe C D, 
+1.El.6 Cd*, Theſe Subtenſes are as the Diameters of the Spots, her 
the Introceſſions are equal to the Abſciſſae, Therefore the Abſciſje 
are alſo, as the Squares of the Diameters of the Spots, that is, 
\ > 1. 2. they are as the Spots themſelves + ; which we have ſeen arc equal 
1376. to the Baſes of the Segments Ae. b C . 


Fig. 10. 


1380. M1 this ſume Caje the Abſciſſæ meaſure the Inflections of the 
N outward Plate of the Body; therefore the Squares of the Abſciſſæ are, 
51477 as the Forces by which the Parts were compreſſed *; which Forces 


therefore are alſo as the Squares of the Spots. 
1381. In the Triang'e ACB, AB is to 2, as CD is to Cd; 
therefore the ſaid Bates of the Segments are alſo, as AB is to 

| 1379; 1nwF. 

1382. Now if we ſuppoſe the whole Segment A C B to be divided 
: into innumerable Orbs by Planes as ab, 4 6, parallel to the Baſe 
A B, the Orbs will be proportional to their correſponding Lines 
n, ee: but if each of the Lines has a Breadth equal to the 
2 | Thickneſe 
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Thickneſs of its correſponding Orb, the Parts of the Triangle 

A C B, will be proportianal, to the correſponding parts of the Seg- 

ment itſelf ; and the Segments themſelves A CB, a Cb, a C b, 

will be to one another, as the Triangles ACB, 1 CN, e Ce. 

The Triangles themſelves are, as the Squares of the Baſes A B, 

nn, e e*, which Baſes are as the Baſes of the Segments +. There- * 19. El. 6. 

fore the Segments themſelves are, as the Squares of their Baſes, that 1383. 

is, as the Squares of the Spots; or as the Forces by which the Parts t 1381. 

are preſſed inwards 1. t 1380. 
If the ſame elaſtic Sphere, runs againſt a fixed elaſtic Obflacle, 1384. 

with different Velscities, the Squares of the Spots will be, as the 

Squares of the Velocities “; that is, the Spots will be as the Ve- * 1380. 753. 

locities.. 
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EXPERIMENT I. 


We make uſe of a heavy marble Plane, that is blue, moiſtened 
a little, that the Colour may be more intenſe, here, as we did in 
1. Exper. of 3. Chap. of this Book. 

An Ivory Ball is let down, which falling ſtrikes againſt the Plane, Pl. XL1V. 
and leaves a round Spot on its Surface, Let the Ball fall from a Fs. 1. 
Height of nine Inches, and let E be the Spot ; then let it fall from 
a Height of three Feet, which is quadruple of the firſt, and let F 
be the Spot ; laſtly, let it fall from an Height of fix Feet and nine 
Inches, which is nine times the firſt Height, and let G be the Spot. 

In this Experiment the Velocities of the Body are to one another, 

as one, two, and three *; in which Ratio alſo are the Spots E, F, . 374 
and G; for, making the right-angled Triangles DAB, DB C, in 

which the Sides DA, AB, BC are equal to one another, and to 

the Diameter of the Spot E, the Line BD, will be exactly equal 

to the Diameter of the Spot F, and the Line C D to the Diameter 

of the Spot G. But the Spots are as the Squares of the Diame- 1386. 
ters *; and the Square of the Line B D is equal to the Squares of * 2- * 
the equal Lines AB, AD; and the Square of the Line CD Sts 
1s equal to the Squares of the Lines B C, BD; or of the three equal 

Lines DA, AB, BC. Ifwe compare the Diamcters of the Spots 

by the Sector, theſe are to one another, as 72, 102, 125, the Squares - 

of which Numbers are nearly. as 1, 2, 3. 

If we confider different Bodies, but ſuch as are terminated by Por- 13%7. 
*1995 of equal Spheres, as in the ſaid firſt Exper. of Chap. third &, » 820. 
the Squares of th? Spots, or the Biquad rates of the Diameters of the 
Spots, are as the Maſſes multiplied by the Squares of the Velocities * 5 

| 1 


1385. 
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If the Spheres are different, or if the Bodies themſelves are 

1388. Fpherical, or only terminated by Spheres, 4s long as ve confider 4 

Matter equally elaſtic, the Segments preſſed inwards are to ane ang. 
ther, as the Forces by which they are preſſed inwards. For this Rule 
obtains in both Spheres, wherefore it may be applied to different 
ones alſo, if it takes place in comparing the Segments of two 
Spheres in one caſe only. But this Caſe is given, when the Ah. 

ſeiſſes are equal; for the Introceſſions of the correſponding Parts are 
e, andthe different Refiſtanice can only be attributed to the dif. 
terent Quantity of Matter, 

1389. Let there be two Spheres *M and N; their Segments AFB, 
pl. XLII. A-C'B, having equal Baſes, have unequal Heights FD, DC. 
Fig. 12. Let us ſuppoſe theſe Heights to be divided into infinitely ſinall and 

equal Parts, and that there is the ſame Number of Parts in each 
Height. Let us farther ſuppoſe the Segments to be cut through 
each of the Diviſions, by Planes parallel to the Baſe ; we ſhall have 
the Segments divided into very ſmall Orbs fo, that the Thickneſs of 
each, in the firſt Segment, will be to the Fhickneſs in the other 
Segment, as F D is to DC; by reaſon of the equal Number of 
Parts in each Height. The Orbs in each Segment, as we re— 
* 13:9, cede from the Baſe, are diminiſhed according to the fame Law *, 
ſo that the correſponding Orbs are equal. Whence it follows that 
any Orb . whatſoever, in the firſt Segment, is to its correſpond- 
ing Orb in the other Segment, as Thickneſs is to "Thickneſs, that 
is, as. F D is to DC; and the Sum of all the Orbs is to the Sum 
of all the Orbs, that is, the Segment AFB is to the Segment 
F 12. El. 3. ACBalſlo, as F D is to DC. 

1390. We ſpeak here of ſmall Segments; therefore F D, DA, F G, 
37% are proportional “; as alſo DC, DA, CE. Therefore each 
1370. Rectangle, that of F D multiplied by FG, and DC by CE, 1 
+ 17. El. 6. equal to the Square of the Line DA; and the Rectangles are equal 

1391. to one another; whence we deduce FD: DC:: CE: F Gz and 
* 16. El.6. Segments, whoſe Diameters are equal, are inverſely, as the Diameter 

of the Spheres ; ond the Forces, by which they are preſſed inwards, re 

1 1388. in the ſame Ratio alſo J. 15 1 | 
1392. | From theſe things, compared together, we deduce this univerſal 
| Rule, that he Forces, by which the Bodies are ſtruck, are direct 
1380. as the Squares of the Spots *, and inverſely as the Diameters of ? br 
+ 139% Balls r. Which may be thus exprefſed ; the Product of the Mais 
t 757. by the Square of the Velocity + is, as the Square of the Spot d. 
vided by the Diameter of the Ball; and multiplying theſe two 
| W 2 he (Quantitic- 
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Quantities by the Diameter of the Ball, we change the laſt Rule 
into this other Rule. | 

The Square of the Spot follows the Ratio of the Product of the Maſs 1 393. 

iv the Diameter of the Ball, and by the Square of the Velbcities. 

In Spherical Bodies the Maſs follows the triplicate Ratio of the 
Diameter “; that is, it is as the Cube of the Diameter; and the 1394. 
Rule for theſe Bodies may be thus expreſſed ; the Spot itſelf, or the 18. El. 12. 
Square of the Diameter of the Spot, follows the Ratio of the Product 
of the Square of the Diameter of the Ball by the Velocity of the Body. 

In this Caſe F the Velbcities are equal, the Diameters of the , 

Balls will be to one another as the Diameters of the Spots. ** 

We ſpeak here altogether of the ſame Elaſticity; this we have 
in Bodies made of the ſame Ivory. But I cannot affirm that all | 
Ivory has equal Elaſticity ; though I could diſcover no difference | 
in the few Experiments I made concerning it. 


EXPERIMENT 2. 


In this Experiment, the Balls are let down upon a Marble Plane, 1390. 
in the ſame manner as in the foregoing one“; we make uſe * 1355. 
of Ivory Balls whoſe Diameters differ any how. Theſe are 
let down from equal Heights, and the Spots are exactly mea- 
ſured. The Diameters of the Ball, being alſo meaſured by a pair 
of Callipers, we ſhall have the ſame Proportion between theſe and 
thoſe ; as is eaſily diſovered by the Sector. | 


SCHOLIUM. | 


Of the Times in which the Inflections of Elaſtic Bodies are 
performed. 


HE Inflection of the Parts of a Body is made according to the ſame 1397. 
| Laws, to which an elaſtic Plate that is bent is ſubject; it inſtead = 
ot the Inflection of the Spring we put the Height of the Segment preſſed | | 
inwards *, Therefore by comparing together what is ſaid in N. 1369, 335.1374. 
and 897, we light upon this Rule. 

1f a falling Body ſtrikes againſt a fixed Obſtacle , the Time of the Fall 1398. 
will be to the Time, in which the Parts yield inward*, in a Ratio com- | 
founded of the Ratio of the Height, from which the Body fell, to the Height of | 
the Segments preſſed inwards, and of the Ratio of the Diameter of the Cirle 19 | 


ive Quarter of its Circumference. : 
If we conſider a Ball, the Square of the Semi-Diameter of the Spot, 


is equal to the Product of the Height of the Segment by the Diameter ol 
the Ball *, * 1377. 


| 
| 
VSk4 X x Therefore | 
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Therefore in a Ball, the ſaid Times are to one another in a Ratio com. 
pounded of the Product of the Height, from which the Body fell, by ths 
Diameter of the Ball, ta be Square of ame, of the Fypot, 
and the Ratio of the Diameter of the Circle to Yhe Quarter of its Circum- 

erence. 

We let down a Ball, whoſe Diameter was 1,585 Inch, from an Height 
of a Foot and an half ; and the Diameter of the Spot was 0,15 Inch, 
We now ſuppoſe the Time of the Fall from the Height of a Foot and a 
half to be given o',31 ; making the Computation, we diſcover the Time 
of the Inflection to have been o , ooo, Which is equal to ten fifth 
Minutes and aß half, or : of a Second, 

The Time mentioned in N. 1133. was determined in the ſame manner; 
the Hemiſpherè was alſo let down from the Height of a Foot and an half; 
the Diameter of the Sphere was 2,17 Inches; and laſtly, the Semi-Diameter 
of the Spot was 0,082 5 Inch. 

One Experiment is ſufficient to determine the Times, as long as we treat 
of the fame Elaſticity, and of ſpherical Figures. 

Let à be the Height from which a Body is let down; M the Maſs of 
the Body; D the Diameter of the Sphere; d the Diameter of the Spot; 
the Ratio of the Diameter of the Circle to its Circumference that of n to 
u; T the Time of the Fall from the Height @; and laſtly ? the Time in 
which the elaſtic Parts are inflected. 

The laſt Rule gives us this Proportion, T: :: Dam: Addn; 


h 1 a 3 treat only 
whence #4 =—g-— and 1 = 255 B anm® s we now treat only 


about diſcovering the Proportion, we reject all the conſtant Quantities, 
— 5 | 
and 1 follows the Proportion of Brat z inſtead of T * I put a, becauſe 


2 4 * 
theſe Quantities are proportional“; and as 4+ follows the Proportion of 
the Square of the Spot, inſtead of this Quantity I write this other MDA 
MDaa M 
| 5 7 D 
and it appears that the Square of the Time of the Inflection of the elaſtic Parts 


putting à for the Square of the Velocity ||; and I have 


follows the direct Ratio of the Maſs, and the inverſe Ratio of the Diameter 
of the Ball, whatſoever the Velocity be. If we confider ſpherical Bodies, the 


Mals is as the Cube of the Diameter“, and the Time is as the Diameter 


ie. | 

n what has been explained hitherto, we have only conſidered the In- 
flection of one Body; and ſuppoſed it to impinge againſt the plane Sur. 
face of an immoveable Body : but in every Impaction both Bodies yield 
inwards, unleſs the Coheſion of Parts in one very much exceeds the Coheſion 
in the other ; we ſuppoſed the parts of the plane Body to cohere in this 
manner, and for this Reaſon we ufed, in the Experiment, a Stone VCry 


The 


hard, if compared with Ivory. 
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The D emonſtrations would obtain allo, if the plane Obſtacle ſhould 
have the ſame Elaſticity as the Ball; for the Sum of the Inflections would 
equal to the Segment of a Sphere whoſe Baſe the Spot itſelf ſnould be. 
But if we ſuppoſe the fixed Obſtacle lo be terminated by a ſpherical Fi- 
gure alſo, the Difficulty will not be greater. The Inflection will be made 
according to the ſame Laws; in this Caſe two Segments are preſſed in- 
wards; which during the whole Action have continually equal Diameters ; 
and the Heights in this Encreaſe keep the ſame Ratio, whica is inverſe of 
the Diameters * : and this Introceſſion in reſpect of the Height only of a + 1391 
Segment differs from the Introceſſion of one Sphere; and the Demonſtra. 
tions of the Time + may be applied here, if inſtead of the Height of the + , 455. 
Segment we apply the Sum of the Heights, that is, FC. Fo XLIV. 
q 18 12. 
We have ſeen, by reaſon of the very ſmall Segments, * F D, and 
AD 


F 

\» FETTE 

E= DC*; therefore FCA 2 f . whence it fol- 300. 
lows, that the Time of the Introceſſion of the Parts is determined, if in 
the Rule N. 1398, inſtead of the Height of the Segment, we put the 
Value of this ; then we have a Rule which differs from N. 1399, in this 
only, that inſtead of the Diameter of the Ball we now uſe the Product of 
the Diameters divided by their Sum. Whence it follows alſo, that there is 
the ſame Change required in N. 1403. which will give us this Rule: 
The Squares of the Times of the Inflections follow the direct Ratio of the 

Maſſes and the Sum of the Diameters, and the inverſe Ratio of the Produtt 

of the Diameters. 


We may apply this to the Collifion of two Bodies, friting againſt one ano. 


ther, which are terminated by ſpherical Figures; only inſtead of the Maſs and 
we muſt ſubſtitute the Prodult of the Maſſes divided by their Sum“. 


1027. 
In this Caſe the Time itſelf of the Inflection alſo, the double of which is 408. 
the whole Time of the Colliſion, is determined; for the Square of the Time 


diſcovered in N. 1400. is to the Square of the Time ſought, as the Weight 
Fos the Ball there uſed, divided by the Diameter, is to the Sum of the Dia- 


4 of the concurring Bodies, multiplied by the Product of the Maſſes, 


ad divided by the Product of the Sum of the Maſſes, multiplied by the 
Product of the Diameters. 


The End of the Second Book. 
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PART I. Of the Gravity and Preſſure of 
. Fluids. 


CHAP. I. 


Of the Gravity of the Parts of Fluids, and its Effect 
in the Fluids themſelves. 


A" luid is a Body whoſe Parts yield to any Force impreſſed, 
and by yielding are very eafily moved one amongſt ano- 
ther. Whence it follows, that Fluidity ariſes from this, that the 
Parts do not ſtrongly cohere, and that the Motion is not hindered by 
any Inequality in the Surface of the Parts, as happens in Powders. 

But the Particles, of which Fluids conſiſt, are of the ſame Na- 
ture with the Particles of other Bodies, and have the ſame Proper- 
ties; for Fluids are often converted into Solids, when there is a 
more ſtrong Coheſion of them, as in Ice. On the contrary, melted 
Metals give us an Inſtance of a Solid changed into a Fluid. | 

Fluids agree in this with ſolid Bodies, viz. That they conſi/t © 


heavy Particles, and have their Gravity proportionable to their 


Ruantity of Matter, in any Poſition of the Parts. If in the Fluid 


itſelf that Gravity be not ſenſible, it is owing to this, that the 
2 | | lower 
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lower Parts fuſtain the upper, and hinder them from deſcending : 
But it does not follow from thence, that the Gravity is taken away; 
becauſe a Fluid contained in a Veſſel will preſs down the End of a 
Balance, which carries the Veſſel, in proportion to its Quantity. 
The following Experiment will alſo ſhew, that the Gravity is pre- 
ſerved in-any part of the Fluid. 


EXPERIMENT I. 


Immerge in Water the Phial A cloſe ſhut, and hanging by a 1412. 
Horſe-hair, held in the Hand ; if the Phial be opened, whilſt it is Plate XLV. 
immerſed, the Water, which enters into it, encreaſes its Weight — 
very much; tho' it has a Communication with the external Water. 

From this Gravity it follows, that the Surface of a Fluid con- 
tained in a Veſſel, to keep it from flowing out, if it be not preſſed from 
above, or if it be equally preſſed, will become plain, or flat, and pa- 
rallel to the Horizon, For, as the Particles yield to any Force im- 
preſſed, they will be moved by Gravity, till at laſt none of them 
can deſcend any lower. 

The lower Parts ſuſtain the upper, and are preſſed by them; 1414+ 
and this Preſſure is in proportion to the incumbent Matter, that is, 
to the Height of the Fluid above the Particle that is preſſed ; but, 
as the upper Surface of the Fluid is parallel to the Horizon *, * 1413. 
all the Points of any Surface, which you may conceive within the 1415. 
Fluid parallel to the Horizon, are equally preſſed. 

If therefore in a Part of ſuch a Surface there is a leſs Preſſure 1416. 
than in the other Parts, the Fluid, which yields to any Impreſſion 
there, will be moved; that is, ill aſcend till thePreſſure becomes equal. 


1413. 


EXPERIMENT 2. 


Take a Glaſs Tube A, open at both Ends, and ſtopping one 1417- 
End with your F inger, immerſe the other in Water; when the 3 
S OL z : Fig; 2. 
Tube is full of Air, the Water will riſe in it but to a very ſmall 
Height : If you take away your Finger, that the Air that is 
compreſſed may go out, the imaginary Surface that you conccive 
un the Water, juſt at the Bottom of the Tube, and parallel to the 
Horizon, is leſs preſſed juſt againſt the Hole of the Tube, lo 
that the Water will riſe up into the Tube, and not beat reſt, 'till 
t comes up to the ſame Height with the external Water. | Z 
Toe Preſſure upen the lower Parts, which ariſes from the Gravity 1418. 
of the ſuperincumbent Fluid, excrts itfelf every Way, and every 
Wav e waltly f 


This: 


” 1 ——— 
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This follows from the Nature of a Fluid; for its Parts yield to 
any Impreſſion, and are eaſily moved; therefore no Drop will re. 
main in its Place, if, whilſt it is preſſed by a ſuperincumbent 
Fluid, it is not equally preſſed on every Side: but it cannot be moved 
on account of the neighbouring Drops, which are preſſed in the 
ſame manner, and with the fame Force, by the ſuperincumbent 
Fluid ; and therefore the firſt or loweſt Drop is at reſt, and preſſed 
on all Sides, that is, in all Directions. I affirm alſo, that it is equally 
preſſed; for the lateral Preſſure is to the vertical, as this is to that; 


therefore, if, to make an Equilibrium, the vertical Preſſure could 


differ from the lateral; for example, exceed it, by any Cauſe 


'whatſoever, this ſame Cauſe ſhould alſo make this laſt Preſſure ex- 
ceed the firſt, by reaſon of the reciprocal, and entirely ſimilar Re- 


lation: and as this obtains in any Directions whatſoever, it follows 
that the Preſſures cannot be unequal. 


EXPERIMENT z. 


Let the Glaſs Tubes B, C, D, be immerſed in Water, in the 
ſame Manner, as was ſaid of the Tube in the laſt Experiment; 
and, upon taking away the Finger, the Water will riſe in all the 
Tubes to the ſame Height as in the Tube A; in A the Preſſure is 
directed upwards, in B downwards, in C ſidewiſe, and in D ob- 
liquely; yet the Preflure is equal in each. If you pour in a 
greater Quantity of Fluid into the Veſſel, it will alfo riſe equally 
in each Tube. | ELSE 

Hence it follows, that all the Particles of Fluids are preſſed 
equally on all Sides, and therefore are at reſt; and that they do 
not continually move among themſelves, as ſeveral have ſuppoſed. 
If on ſome Occaſions there be ſuch a Motion, this is owing to a 
peculiar Cauſe. 

In Tubes that have a Communication, whether equal or unequal, 


whether ſtrait or oblique, a Fluid riſes to the ſame Height; that is, 


all the upper Surfaces are in the ſame horizontal Plane : which 1s 
eaſily deduced from what has been ſaid. 

Let A be a Veſſel, and B a vertical Tube, and D an inclined 
Tube; they muſt communicate by means of the Tube CE; let 
there be a Fluid poured into them, and let fh g be a Surface pa- 
rallel to the Horizon; if the Heights / and h be unequal, the 
Fluid will aſcend where the Height is leaſt #. For the ſame 
Reaſon, unleſs the Preſſures at g and h be equal, the Fluid will 

not 
2 
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not be at reſt; but we demonſtrate theſe to be equal, when E and 
are in the fame horizontal Plane, 
Let v p, ſo, rn, qm, be horizontal, and p, * o r, tn 9, Img, 
vertical; the Preſſure upon each of theſe horizontal Surfaces is 
every where equal *, The Points ſuſtains the Pillar pg of the » 1445. 
Fluid, o is equally preſſed, and r-ſuſtains: the Preſſure x; after 
the ſame Manner it appears that the Preſſure upon 9 is r, and 
that the Point g is preſſed, as if it ſuſtained the Pillar g J. There- 


fore the Preſſures are equal, when & and v are in the fame ho- 
rizontal Plane. 
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EXPERIMENT 4. 

Pbur Water into the Machine repreſented here, and after any 1424. 
Agitation it will not reſt, unleſs all the Surfaces be in the ſame PlateXLV1I. 
horizontal Plane. The Glaſs Veſſel A is joined to the Glaſs Tubes *'s: 2. 

B and D, by help of the Braſs Tube CE. 

All Fluids'are not equally heavy, that is, have not 'the ſame. 
Quantity of Matter in the fame Space; but what has been ſaid 25. 
will agree to every Fluid. | 

When Fluids of different Gravities are contained in the ſame Veſ= 1 426. 
ſel, the heavieſt lies at the loweſt Place, and is preſſed by the lighter, 
and that in proportion to the Height of the highter. 

Take Water tinged with ſome Colour, for example red, and 1427. 
pour it into the Glaſs Veſſel A to the Height of 4c; immerge Plate XLV. 
into it the Glaſs Tube d e; the Water will riſe in it to the Height Fig. 3. 
bc*, Now pour in Oil of Turpentine, which is a Fluid lighter , WY. 
than Water, and immediately the Water will riſe in the Tube; 
and ſo much the higher as the Oil is.poured in, to a greater 
Height : yet the Water in the Tube does not riſe to the ſame 
Height as the Oil in the Veſſel; becauſe, fince Water is heavier, 
there is not required the ſame Height of Water as there would be 
required of Oil to produce the ſame Preſſure. 

If you have a mind to. try. this Experiment with Mercury and 
Water, you will find a greater Difference in their Heights, by rea- 
ſon of their greater Difference of Gravity. 


EXPERIMENT 6. 


Let the End of a Tube be immerſed in Water, and pour Oil 1429. 
into it, The Water in the Tube is depreſſed as far as 4; and the Plate XI. V. 
Flcight of the Oil 4 e will be greater than the Height of the Wa- 3 4: 

ter in the Veſſel. If the Tube be immerſed decper, the Water 


will 
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will run into it in greater Quantity; if you raiſe it up, the Water 
Will again go out of it, and the Oil will follow it, if it be raiſed 
to ſuch a Height, that the Preſſure of the Oil overcomes the 
Preſſure of the Water in the lower part of the Tube. | 


C HAP. II. 


Of the Action of Fluids againſt the Bottoms, Sides, 
and Tops, of the Veſſels, that contain them. 


* HE Bottom and Sides of a Veſſel, which contains a Fluid, 
and the Top alſo, when the Fluid is raiſed above it in a 
Tube, are preſſed by the Parts of the Fluids which immediately touch 
them; and becauſe Re-aftion is equal to Action *, thoſe Parts all 
ſuſtain an equal Preſſure. But as the Preſſure of Fluids is equal 
every way, the Bottom and Sides are preſſed as much as the neigh- 
bouring Parts of the Fluid; therefore this Action encreaſes, in pro- 
portion to the Height of the Fluid *, and is every way equal at the 
ſame Depth, depending altogether upon the Height, and not at 
all upon the Quantity of the Fluid. Therefore when the Height 
of the Fluid, and Magnitude of the Surface preſſed remain the 
ſame, the Action upon this Surface will always be equal, how- 
ſocver the Figure of the Veſſel is changed. Therefore this is a 
general Rule, that the Preſſure, upon any Surface whatever, 1s equal 
to the Weight of a Pillar of the Fluid, whoſe Baſe the Surface is, 
and Height, in each of the Points, the vertical Diſtance of the up- 
per Surface of the Fluid from theſe Points. ON 
That ſuch is the Preſſure upon the Bottom of a vertical, pri- 
matical Veſſel, no one will queſtion ; for the Bottom ſuſtains the 
whole Weight of the Fluid, and that only : but when the Height 
of the Fluid, and Baſe of the Veſſel remain the ſame, it follows 
from what has been demonſtrated, that the Preſſure upon the Bot- 
tom 1s not altered ; although the Veſſel, by having its Figure 
changed, contains more, or leſs of the Fluid. This agrees with 
the Experiments, and may, in all of them, be deduced from the 
Nature of Fluidity, as will more plainly appear, after the Experi- 
ments are explained, 


A 
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A Macuine, 
By which Experiments concerning the Preſſure of Fluids are made. 


Inches high, weighs one Pound. 

The Ring I is joined to it by a Screw, that it may be ſuſtained 
by a Trevet. But the Feet are faſtened to the Ring by Screws, 
that they may be taken away upon Oceaſion. One of the Feet 
is repreſented by itſelf at L; this has its upper Part ſo bent, that 
it may be removed from the Ring I, when the Part po, of its up- 
per End, is joined to the under Surface of the Ring. This Part is 
dove-tail'd, that it may ſtick of itſelf, before the Screw n is ap- 
plied, which makes it faſter. 

To the Cylinder A is joined a moveable Braſs Bottom ; this con- 
fiſts of the round Plate R, to which ts joined the Tail F, which is 
Cylindrical, and perpendicular to the Center of it. "This Cylinder 
goes thro” the Plate R, and its lower Part ends in the Screw S. 


thick, 1s applied to the lower Surface of the Plate R, a Leather 
being put between ; Care muſt be taken that the Leather exceeds 
not the Baſe of it. This Cylinder is hollow, and made thin that 
it may weigh little. This Cylinder is repreſented open at top in 
the Figure ; then it weighs leſs, and its Edge goes into a Groove, 
in the Bottom of the Plate R; the Water is hindered from getting 
in by a Leather; but it will be better to ſolder this Cylinder to the 
Plate R. The Screw S paſſes freely thro' the Cylinder, to which 
is applied the Plate O, having in its Center an inſide Screw, an- 
iwering to the Screw S. 

By turning the Screw, the Leather N is faſtened between O and 
M : this Leather exceeds the Bottom by half an Inch every way, 
and covers the external Surface of the Cylinder, M, when the Bot- 
tom is joined to the Cylinder A; and hinders the Water from 
running out, whilſt the Bottom is moving; which anſwers beſt, 
when the Leather touches the Surface of the moveable Cylinder. 
I make uſe of Calt's-Leather ; which muſt be ſoaked in Oil, 
and after a few Days it muſt be taken out and ſoaked as long in 
Water; after which Preparation the Leather muit be well rubbed 
over with Oil and Water, and moved ſcveral Times up and down 
Vo tr; 1 0 * V the 


Take the hollow Cylinder A, open at both Ends, and well po- 
liſhed within ; whoſe Diameter and Height alſo ſomewhat exceed Hate XLV. 
three Inches and an half, and in which the Water, when three ©'5 5: 


The upper Surface of the Cylinder M, which is half an Inch 
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1438. The Cylinder A is covered by the Top C, which has a Screw; 
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the Cylinder, and left in that Condition two or three Days, 
The Leather being thus prepared, may be uſed in the Experiments 
many Years ; if it be kept in a dry Place, When the Experi. 
ments are to be made, the Leather muſt be joined to the Bottom, 
anointed with Oil and Water, and then left in the Cylinder, ſome 
Hours, or rather Days, before the Machine is uſed. And imme- 
diately before the Experiments, it muſt be anointed again with 
Qil and Water; then the Bottom is eaſily moved, and holds Wa 
ter well: the Motion is alſo helped if the Infide of the Cylinder 
A be alſo oiled. The Leather made uſe of, muſt be neither too 
thin, nor too thick; which muſt be left to the Judgment of the 
Workman, — 
The Tail 7s directs the Motion of the Bottom; for it goes thro 
the Hole n in the Plate B, which is put upon the great Cylinder 
A, and {ticks faſt in Holes cut in the Edge of it; the Tail muſt be 
oiled, In the upper Part of it there is a Hole at s, that the Bras 
Chain T may be joined to the Bottom, by means of the Hook a, 
which Chain goes thro' the Tube F, which we ſhall ſpeak of 
preſently ; that the Bottom may, by help of this Chain, be faſtened 
to the Arm of a Balance. 


and to hinder the Water from running out, the Leather Ring G 
is put between, which is preſſed tight, by help of the Screw, 
whereby the Top is joined to the Cylinder; the Cover has a 
iquare, dove-tail'd Plate e, and to the Cylinder A is joined the 
Handle h, that by means of the Key E, and the Pin H, the Cy- 
linder may be opened, and ſhut more conveniently. The Top has 
aHole in the Middle of it; and the hollow Cylinder D, having a 
Screw on its Outſide, is joined to it; that the Tube F may be 
joined to the Machine, and the Water is hindered from running 
out here alſo, by applying a Leather, which is preſſed tight by 
means of the Key. 
In the Experiments, Weights, like P, are put upon the Cylin- 
der A; many are required, two of four Pounds each, two of two 
Pounds, two of one Pound, as many of half a Pound, and ot « 
quarter alſo, Theſe Weights are cut in ſidewiſe, that the Tube] 
may go into them. 
But to put theſe Weights upon the Top C conveniently, ti 
wooden Ring Q is firſt laid upon it; which is repreſented if. 
yerted ; this allo has a lateral Inciſion at 9, whereby it Fam 
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the Tube F ; then it is thruſt down, and is ſo hollowed, that the 
Cylinder D, and the Plate e may go into it. 


EXPERIMENT I. 
Three Staves, ſpread at Bottom, ſuſtain the wooden Head J. 


| Theſe are cut in ſuch manner, that, whilſt they ſupport the Head, Pl. XLVI 
their Ends are applied to it ſidewiſe alſo; the Staves are faſtened FE 


to the Head by Joints, that, when the Machine is to be removed, 
they may be eaſily brought together. The Head I conſiſts of two 
Parts, the lower being Hexagonical, and the upper O Spherical. 
The Iron Screw V C goes thro' this Head, which is bent at the 
| Bottom, into the Hook V, on which a Balance is hung, which is 
eaſily raiſed to the Height, required in the Experiment, and which 
is plainly ſhewn in the Figure, by turning the outward Screw D, 
which is alſo of Iron. 

The Parts of the Machine, explained above “, are joined as is 


ſaid, The Chain, which is faſtened to the moveable Bottom , 
is hung upon the Arm of a Balance Beam at G; and this Bottom T 


occupies the Middle of the Height of the Cylinder A, when the 
Beam is horizontal. A Weight is put into the Scale E, to make 
it be in Equilibrio with the Weight of the Bottom and the Chain; 
we muſt by Trials ſettle the Weight required for this. To the 


there is joined by a Screw a Cylindrick Funnel, whoſe Diameter is 
about nine Inches, and Height four. | | 

| The Beam being horizontal, pour Water into the Tube F, ſo 
chat it may riſe into the Funnel ; and be three Feet above the Bottom 
of the Cylinder; which Height is to be obſerved by a coloured 
Circle, within the Funnel, We muſt add a Weight of twelve 
Pounds to the Weight, which was put into the Scale E before, 
and there will be an Equilibrium; that is, when you put the 
eam into an horizontal Situation, and leave it to itſelf, it will re- 
nin ſo. If you diminiſh or encreaſe the Weight, the Bottom 
'cends, or deſcends. But the Weight muſt be encreaſed, or di- 
inithed, by half a Pound at leaſt, by reaſon of the Friction of 
he Bottom; there is often required a greater Difference. This 
depends upon the Friction, which may be diminiſhed by moving 
e Bottom upwards and downwards, before it is left to itſelf in 
horizontal Situation. 

The Height of the upper Surface of the Water above the Bot- 
m, is, in this Experiment, as was ſaid, three Feet. The W 

3 9 


upper End of the Tube F *, which is thirty-two Inches long, 
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of a Pillar of Water, which has this Height, and whoſe Baſe is 
equal to the Bottom of the Cylinder, is two Pounds *; and the 
Experiment ſhews that the Preſſure of the Water againſt the 
Bottom is equal to this Weight, tho' it be preſſed by a ſmall 
Quantity of Water only. . 

When we conſider the Motion of the Bottom only, we muſt 
faſten the Machine, that it may not be lifted up altogether, and 
this is done by putting the Weights P, P, upon it *. 


"EXPERIMENT 2. 


Taking away the Top with the Tube, the Cylinder A muſt be 
joined to the inverſe, truncated Cone N, which has towards its 
Bottom the Ring C with a Screw in it, whereby it is joined to the 
Cylinder A, as the Top was *. 

Water muſt be poured into this Machine to the ſame Height a- 
bove the Bottom, as in the laſt Experiment. As for what remains, the 
Experiment is performed after the ſame Manner as the other was, 
and the Event is the ſame; and the Preſſure, when there is the 
tame Height of Water, is not altered by change of the Veſſel, and 
Quantity of Water. The Height of the Water is obſerved within 
the Veſſel. 

EXPERIMENT 3. 


The Pillar C*, which has been often made uſe of already, is 
faſtened upon a Table; the Arm Q with its Hook v, is joined to 
it, the Balance L is hung upon it ; whoſe Scale E is at a ſmall 
Diſtance from the Table, when the Beam is horizontal : upon the 
other Arm is hung the Glaſs Veſſel A, which has the Copper 
Ring ee round it, that the Handle B may be joined to it. 

The Pillar D is alſo faſtened beneath the Table, by a Screw 
which goes thro” it. | 

This Pillar, by help of the Arm H, ſuſtains the wooden Cy- 
linder G, which goes into the Veſſel A; but fo, that it touches 
neither the Sides, nor the Bottom of the ſaid Veſſel, when the 
Balance is in Equilibrio. If there be poured Water into the Vellc! 
A, to any Height, fo as to make an Equilibrium with the Weight 
F, put into the Scale E; this will be the Weight of all the Wa- 
ter, which would be contained in the Veſſel, the Cylinder being 
taken away, when the Height ſhould be the ſame as it was, before 
the Cylinder was taken away; and a ſmall Quantity of Water, 
whoſe upper Surface is raiſed, whereby the Preſſure upon the Bot- 
tom is encreaſed, ſuſtains a great Weight, | t 
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It may be ſeen, by making ule of the following Machine, that 
the lateral Preflure is equal to the Vertical. 


AMAcuine, 


Whereby the lateral Preſſure of Fluids is ſhewn, 


The Veſſel DB is a wooden Parallelopiped, about three Feet ; 
and an half high; in the lower Part, towards the Bottom, there Pl. 
is a lateral Aperture, where a Braſs Ring, having a Screw, is fa- Fig. 3. 
ſten'd, that the Cylinder A, mention'd above *, may be faſten'd * 1433 
to it, when a Leather Ring is firſt put between; and the Feet are 
remov'd, which are ſcrew'd to the lower Ring +. The Motion 
of the Bottom in the Cylinder is now horizontal. Two wooden Ru- 
lers are join'd to this Machine fidewiſe, one of which is repreſented 
at GH; the Ruler CC moves horizontally over theſe, which has 
a Picce in its Middle at F prominent fidewiſe; that the Bottom 
of the Cylinder may be thruſt in by the Motion of it, which the 
Ruler preſſes a little below the Center. The Strings Ce, Ce, are 
faſten'd to this Ruler at C and C; theſe are ſtretch'd along the 
Rulers, G, H, and paſs over the Pulleys T, T; at the Ends of theſe 
Rulers, as T, T, the Weights P, P, are hung upon them. 


446. 
XLVII. 


＋ 1434. 


EXPERIMENT 4. 


Vour Vater into the Veſſel BD fo, that the Surface of the W- 447. 
ter be rais'd three Feet above the Line, in which the Bottom | 
is p::13d. If each of the Weights P, P, be fix Pounds, fo as to 
be qual to twelve Pounds, together, the Preſſure of the Water wil! 
ſuſtain the Weights; and the Bottom may be thruſt in, and drawn 
out, with the ſame Eaſe. 

The following Experiment proves the Force, with which Water 
preſſes upwards, to be equal to that, with which it preſſes down- 
wards, and fidewile. 


1448, 


EXPERIMENT. B. 


In the middle of the upper Surface of the Stand E, there is a 1449. 
Cylinder of about two Inches Diameter, upon which is plac'd the Pl. XLVIL. 
moveable Bottom of the Cylinder A fo often mention'd “, fo that 4 S . 
the Cylinder itſelf may be mov'd, the Bottom remaining; this is 
cover'd by its Top, and there is join'd to it the Tube F three Feet 
and an half long; to the Top of which is added the ages Bs 

whoſe 
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whoſe Diameter is equal to the Diameter of the Cylinder A. Pour 
in Water, till it riſes to any height in the Funnel. The Machine 
is rais'd, the Bottom remaining; put the Weights P, P, P. upon 
the Top, which together are equal to nine Pounds; theſe are ſuf. 
tain'd, together with the Weight of the whole Machine, by the 
Water in the Tube; but the Weight of the Machine, together 
with that of the Tubes and Funnel, wants but little of fix Pounds 

The Force acting againſt the Top, is equal to the Weight of 6 
Pillar of Water, whoſe Baſe the Top is, excluſive of the Hole to 
which the Tube correſponds, and whoſe Height is the Height of 
the Water above the inward Surface of the Top * ; this Height is 
three Feet and an half, for we don't regard the Water in the Fun- 
nel; for by reaſon of the equal Diameters of the Cylinder A, and 
the Funnel, the Weight of this Water is exactly equal to the 
Action, which it exerts againſt the Top, whether its Quantity be 
greater, or leſs. 

If the Diameter of the Cylinder be encreas'd, the ſame Tub: 
remaining, the Action againſt the Top will encreaſe in the ſame 
Ratio with the Top, ſo that a very great Weight may be ſup- 
ported, and even rais'd, by a very ſmall quantity of Water. 


HyDpROSTATICAL BELLOWS. 


Take two round Boards AB, AB, of 15 Inches Diameter, and 
join them together with a piece of Leather, ſo that they may make 
a cylindric Veſſel ſomewhat like a Pair of Bellows, ſo that it may 
contain Water. 

There is a Hole / in the upper Board, to which is fix'd a Braſs 
Cylinder, cohering with a round Plate, and that has a Screw, 
whereby the Tube F is fix'd to the Machine which is as long as the 
Tube uſed in the former Experiment. 


EXPERIMENT 6. 


Pour Water into this Bellows thro' the Tube, and the Water in 
the Tube will ſuſtain theWeights P, P, P, P, P, all which together 
weigh zoo Pounds. Theſe make the Water riſe into the Funnel, 
but the Height of the Water in the Funnel is but ſmall. The 
Weights will even be rais'd by continuing to pour Water into the 
Tube. | 

Though theſe are Paradoxes, they follow from the Nature of 
Fluidity; every Drop which is at reſt, endeavours to recede every 


Way with equal Force *; if therefore it be preſs'd on one ſide, C 
y v wi 
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will preſs towards that part, becauſe Action and Re- action are 
equal; and with that very Force it will endeavour to recede ever 

Way. In the firſt Experiment, the Water which touches the 
Bottom, and correſponds with the Tube, ſuſtains the Weight of 
the Column of Water contain'd in the Tube, and reaching quite to 
the Bottom; with this Force it preſſes the Bottom, and the Water 
next to it alſo, which, as it can't run out, acts upon the Bottom, 
and the Water next to it, with the fame Force; which may be ap- 
plied to the Water next to this alſo: wherefore, in all parts of the 
Bottom there is a Preſſure equal to the Preſſure in the place upon 
which the Water in the Tube act; and therefore the Bottom in 
this Caſe is as much preſs'd as if a Pillar of Water, of the fame 
Height as the Water in the Tube, and of a Baſe equal to the 
Bottom, ſhould lie upon it. 

The fifth and ſixth Experiments are illuſtrated by the ſame Rea- 
ſoning. For it is manifeſt that each of the Points of the Top is 
preſs'd upwards by the Water with that Force, with which the 
Water, which is in the Aperture of the Top, is preſs'd downwards 
by the ſuperiour Water, which fills the Tube. 

In the ſecond Experiment, ſuppoſe that the Cylinder A ſhould 
be continued, fo as to reach up to the Surface of the Water; by 
this 1040s the external Water would be ſeparated from the Water 
comte in this Cylinder, and then no Water but this interior 
Vt wound refs the hottom, and the Bottom wou'd ſuſtain it 
all, {he Vater in ti: Cylinder preſſes the Sides of the Cylinder, 


and d cer preſſes the external Surface of the Cylinder, 
and Surface is preſs'd in the ſame manner as the in- 
War. Preſſures againſt oppoſite Points are equal; fo that 
if t:: ee was taken away, theſe Preſſures wou'd deſtroy one 
anothe .zeretore it is no matter, whether there be ſuch a Surface 


or not, o that taking it away (that is, taking away the Continu- 
ation or the Cylinder) the Action againſt the Bottom is no way 
alte: d. | 

ir the third Experiment the Weight in the Scale, is not only 
ſuſtain'd by the Water in the Veſſel, but alſo by the Action of the 
lower Surface of the Cylinder G againſt the Water; which Action 
is :qual to the Action of the Water againſt this Surface, againſt 
which the Water preſſes in the ſame manner, as it acts againſt the 
To inthe 5th Experiment. 8 

s eafily deduc'd from the Equality of the Action of a Fluid 
towards every part, that the lateral Preſſure, ſuch as is ſhewn in 
Experiment 
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Experiinent 4. is equal to that, which is directed upwards, or 
downwards ; therefore it is manifeſt, that it by no means depends 
upon the Largeneſs of the Veſſel; and if we ſet aſide the Agitation, 
the whole Sga might be reſtrain' d wich as much Eaſe as a Rivulet, 
if the Wight f the Water ſhou'd be the ſame. 

Tho” all that has been ſaid depends upon the Weight of Fluids, 
their Actions muſt be diſting with" d from. their ey wth which laſt 
is alway ie to he Quantity of Matter * 


C HAP. III. 
07 Solids immerſed in Fluids. 


Gravity of Bodies, whether Solids or Fluids, ariſes from this, 


"nt contain a greater or leſs Quantity of Matter in an equal 
S PAGE. 


1 follows from what has been ſaid before *, that the different 


, The  Qughrity of Matter in a Body being conſider d in relation to 
its Bull hat is, in relation to the Space poſſeſs'd by it, is call d 
the N of the Body. 


ly is faid to have double, or triple, &c, the Denſity of 
another Body, when, ſuppoſing their Bulks equal, its Quantity of 
"oe! is able, or triple, &c. 


=: DEFINITION 2. 
Xx Body i is ſaid to be Homogeneous, which has all its Parts of the 


fame Denſity. We uſe this Word in this Senſe, and do not regard 
"WF other Senſe, which may be given to it. Therefore alſo 


1 
3 @ | wi 2 Deriv iron z. 
e callthat Body eau, 157. F are not all 0 of the 


ſane 5 Denſe — 


DEFINITION . 


The Weight of a Body, conſi der d with relation to its Bulk, is 
ealld the Beech Gravity of a Body. 

The ſpecifick Gravity is ſaid to be double, when under the ſame 
Bulk the Weight is double. 


I Therefore 


an * 


. 
eee 2 2 


4. 
1 


Fiq. g. 


7257 
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Therefore the ſpec ic Gravities and Denſities of Bodies, in homo- 
geneous Bodi es, are in the ſame Ratio; and they are to one another 
as the Werghts of equal Bodies, in reſpect to their Bulk. 

If homogeneous Bodies are: of the ſame Weight, their Bulk will be 
ſo much leſs as their Denſities are greater, and under the fame 
Weight the Bulk is diminiſh'd in the ſame Ratio in which the 
Denſity is encreaſed ; therefore in this Caſe the Bulks are inverſely 
as the Denſitie. . | 

Hence we deduce a Method whereby, when in homogeneous: 
Bodies there are given two of the three Ratios, of the Weights, 
Bulks, and Denſities, the third may be diſcover'd. 

The Weights are in a Rdtio compounded of the Bulls and Denfitzes. 

| The Bulks are directly, as the Weights, and inverſely as the Den- 

ties. | of n 
; Lally, The Denſities are diretly, as the Weights, and inverſely as 
the alt.. li i n n e ene 

When à Solid is immerſed in a Fluid, it is preſſed by the Fluid on 
all Sides, and that Preſſure increaſes in proportion to the Height of 
the Fluid above the Solid; as follows from what has been ſaid in the 
foregoing Chapter; and which may alſo be proved by a direct Ex- 


periment. | 


EXPERIMENT I. 


Tie a Leather Bag S to the End of a Glaſs Tube B C, and fill 
it with Mercury; you may alſo make uſe of a Bladder ; let t“. 
Bag be immerſed in Water, but ſo, that the End C of the Tub. 
may be above the Water; by the Preſſure of the Water againſt ch 
Surface of the Bag, the Mercury will riſe in the Tube to ,; nl 
the Aſcent of the Mercury follows the Proportion of the Height of 
the Water above the Bag. | 
When a Solid is immerſed in a Fluid to a great Depth, the 
Preſſure againſt the upper Part differs very little from the Preſſure 
againſt the under part; whence Bodies very deeply immer ſed. are, 
45 it were, equally. preſſed on all Sides: But a Preſſure, which is 
equal on all Sides, may be ſuſtained by ſoft Bodies, without any 
Change of Figure, and by very, brittle Bodies, without therr 
breaking. . 


EXPERIMENT 2, 


Take a Piece of ſoft Wax of an irregular Figure, and an Egg, 
and incloſe them in a Bladder full of Water; the Bladder being 
Vor. I. 2 2 exactly 
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exactly ſhut muſt be put into a Braſs Box A; we make uſe of the 
Cylinder mention'd before *, with the Top joined to it, but we 
take away the moveable Bottom, and the Ring to which the Feet 
are faſtened, and we place it inverted upon the wooden Ring +. 
The Cylinder is covered by the wooden Top repreſented ſeparate] 
at B, (Fig. 4.) but fo, that the Top may bear upon the Bladder ;, 
the Weight P, of an Hundred, or an Hundred and Fifty Pounds, 
or even a greater Weight, is placed upon it, which neither breaks 
the Egg, nor any way alters the Figure of the Wax. 

Even the Figure M a Drop of any Fluid cannot be alter'd by the 
Preſſure of another Fluid, when 1t 1s equal on all Sides. Let there 
be a Drop A of an irregular Figure, which is equally preſſed on 
all Sides by another Fluid. The Direction f the Preſſure, in all 
Points, is perpendicular to the Surface ; which if it be denied, we 
mult reſolve the Preſſure into two *, one of which acts perpendi- 
cular to the Surface of it, the other in a Direction parallel to it; 
which laſt does not a& upon the Surface, and the Drop is preſs'd 
by that only, whoſe Direction is perpendicular to its Surface. Let 
the Point B be preſs'd; the ſmall Drop 1 7 preſſes every way 
with equal Force *, and each of the ſmaller Drops, being preſs'd, 
preſs in the ſame manner; ſo that the Preſſure immediately ſpreads 
thro' the whole Drop given ; and a Particle as D, which in the 
Drop is equally preſs'd on all Sides, endeavours to recede along DE, 
with the Force with which it is preſs'd, that is, with the Force 
with which the Particle B is preſs'd outwardly : but we ſuppoſe the 
Particle D to be preſs'd along E D with an equal Force; therefore it 
cannot be moved. The.ſame Demonſtration may be apphed to the 
Point F, and to any other Point whatſoever of the Surface; where- 
fore there can be no Motion in the Drop. 

A Solid ſpecifically heavier than a Fluid, being immerſed in a Fluid 
to any Depth, is driven downwards by a Preſſure, equal to the 
Weight of a Pillar, made up of the Body itſelf, and the ſuperin- 


cumbent Fluid. The Weight of a like Column, but which con- 


* 1431, 1469. 


1470. 


Surface of the Fluid. 


fiſts wholly of a Fluid, is the Force by which the Body is preſs'd 


upwards by the Fluid *. But when the Body is ſpecifically hea- 
vier than the Fluid, this Force is lefs than that, and is overcome by 
it, and the Body deſcends. | 


It is proved by a like way of | reaſoning, that 4 Solid ſpecifical,y 
lighter than a Fluid, and immerſed in it, muſt aſcend to the higheſt 


But 
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But ſuppoſe a Solid of the ſame ſpecifick Gravity with the Fluid, it 14. * 
bill neither aſcend nor deſcend, but remain ſuſpended in the Fluid at * 
any Heighth, and the Fluid will ſuſtain the whole Body; in which 
Caſe, by reaſon of the Equality of the ſpecifick Gravities, the Fluid 
ſuſtains a Weight equal to the Weight of the Fluid, which would 
fill the Space taken up by the Body. But a Fluid acts in the 
ſame Manner upon all equal Solids immerſed to the ſame Depth, 
and will ſuſtain them equally; therefore every Body immerſed loſes a 
Part of its Gravity, equal to the Weight of the Fluid, which would 
fill the Space taken up by the Body. | 

The Body does not indeed loſe the Part of its Weight, which is | 479 
ſuſtain'd by the Fluid; but it deſcends in the Fluid or draws the 4 
String, which ſuſtains it, as if it did really loſe a Part of its Weight. 


1478. 


An Hy DROSTATICAL BALANCE. 


To the Pillar C * we join the ſmaller Pillar G, the Ring E being 1480. 
put between +. To this laſt Pillar we apply the Arm Ar, which fuse XL1% 
is faſten'd by the Screw F ||. | 4+. VO 

We ſuſpend the Balance / by two Strings, to hinder the horizon- | #70: | 64. 
tal Motion of the Beam ; and for this purpoſe, we put the ſmall 
Ring i, upon which the Beam hangs, into the ſmall wooden Ruler 
B B, and ſuſtain it by the Pin 5, which goes thro' the Ruler and 
the Ring. | | 

The Motion of the Ring is hinder'd by another Method alſo; 
if it be hung upon two Hooks, faſten'd to the Ruler B B, or a 
Braſs Wire, as is repreſented in Plate 52. 

The Strings, which ſuſtain the Braſs Wire, or the Ruler B B, 1482. 
are parallel, and go round Pulleys faſten'd to the Arm A ; thence 
they are carried downwards, to Pulleys join'd ſidewiſe to the Pillar 
near the Baſe, one of which is ſeen at 8; the Strings are put round 
theſe alſo and become horizontal, and are faſten'd- to the ſmall 
wooden Ruler T; and this Ruler itſelf is join'd to the Hook of a 

tix, or eight Pound Weight P). i | | 
* Beam is raiſed, or depreſſed, as you pleaſe, by moving this 1483. 

eight. 
| The Scales are ſuſpended by ſmall Chains, inſtead of Strings; 1484. 
and have Hooks in their Centers underneath ; and have three Feet, 
half an Inch high. 

To the Hooks of the Scales are faſten'd the Brais Wires a, 4, 
the lower Ends of which are bent into Hooks, ſuch as c; but this 

os Z 2 2 1 
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round it, which may be fix'd at different Heights; upon this Board 


on it, and the Plate þ being put between, that the Wood may re- 
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is ſeen more plainly in Fig. 2. where the fame Balance is repre- 
ſented. | F 
To the Pillar C is join'd the Board HL H, having a Border 


the Scales are put, and when we would try whether there is an 
Equilibrium, the Balance muſt be raiſed a little, otherwiſe its Mo- 
tion would be hinder'd by the Board. This Board has Holes 
at m and m; which anfwer to the Hooks of the Scales, and the 
Braſs Wires a, à go thro' them. N 
„But it often happens, that the Table, on which the Pillar C is 

put, is not exactly horizontal; in which Caſe the Holes of the 
Board do not anſwer exactly to the Hooks ; to avoid which Incon- 
veniency, ſome peculiar Things muſt be obſerv'd in the Conſtruc- 
tion of it. The Arm D O, which ſuſtains the Board, is repreſented 
by itſelf ; the Tail of it goes thro' the Aperture of the Pillar and is 
faſten d by the Screw O Q, as was faid of the other . This Arm 
is perforated from d to l. 

The Board HL H alſo, and its lower Surface, is repreſented by 
itſelf, There is a thin Piece of Wood I, which is moveable along 
its Surface between two Rulers; this can only be mov'd a little more 
than an Inch, and may be fix'd in any Part of this ſmall Space; 
and for this purpoſe a ſmall Braſs Plate ꝙ is join'd to the Piece of 
Wood, which has a Slit in it, which the Screw os, faſten'd to the 
Board HL H, goes through; by this Screw the Piece of Wood ! 
is faſten d. Upon the Middle of this there ſtands at Right 
Angles to it, and is join'd firmly the Copper Plate 2, having the 
Screw þ join'd to it, 

When the Board is applied to the Arm D O, the Plate # goes 
into the Aperture dd, in which it may be mov'd a little more than 
an Inch ; but it is faſten'd by the Screw p, the Nut g coming up- 


ceive no Damage. 

When the Board is join'd to the Pillar C, if the Screws 9 and / 
are looſen'd a little, it may be remov'd from the Pillar, or mov « 
towards it, by the Motion of the Plate 7 in the Slit d d; the Board 
may be mov'd ſidewiſe alſo, by the Motion of the wooden Plate | 
between the Rulers; and as, in theſe Motions, the Board has a pa- 
rallel Motion, the Holes are eaſily diſpoſed in ſuch manner, that 
they may anſwer to the Hooks of the Scales. 


EXPERIMENT 
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EXPERIMENT 3. 

In this Experiment, we make uſe of tlie Hydroſtatical Balance, 1488, 
jaſt deſcribed ; we have occaſion moreover for a Copper Cylinder C, Pl. XLVIII. 
nicely work'd, in the Center of whoſe upper Baſe, which could not 8. 
be repreſented, there is a fmall Hook. In the Center of the lower 
Baſe there is a Hole a, thro' which ſmall Leaden Balls are put into 
the Cylinder, whereby its Weight may be alter'd as you pleaſe ; 
this Hole is ſtopp'd with the Screw 5, whoſe Head goes into the 
Baſe ſo, as to make a Part of its Surface. | 

There is alfo a hollow Copper Cylinder E; which is open at 1489. 
Top, and has a Handle F, that it may be ſuſpended by the Forte. 
hair N. The inſide of it is made very ſinooth and even; and the 
other Cylinder C fills exactly the Hollow of this Cylinder; but 
that this Cylinder may not be hinder'd from being put in, and 
taken out, by the Air, there is a Screw d that goes into a Hole in 
the Center of the Bafe of the Cylinder E, that, when this Screw is 
remov'd, the Air may go in, and out, freely. A Horſe-hair M 
is faſten'd to the Screw 7. 

To the Hook of the Scale of the Balance is join'd the Hotſe-hair 1490. 
faſten'd to the Handle of the hollow Cylinder *, which is in this {}; X-1X- 
Figure mark'd with the Letter N; and to the Horſe-hair faſten'd » 748. 
to the Bottom of this is join'd the other Cylinder +, repreſented by + 1488. 
R. The Weight X is put into the oppoſite Scale, to make an 
Equilibrium, Then the Balance is raiſed *, and the Glaſs Veſitl * 83. 
V, having Water in it, is moved towards it; the Balance being let 
down again, and the Body R immerſed, the Equilibrium is de- 
ſtroy d; becauſe part of R is ſuſtain'd by the Water: but the . 
librium is reſtor'd, if N be fill'd with Water; that is, if ſuch va 
Quantity of Water be pour'd in, as would fill the Place taken up 
by R. | | 

DEFINITION 5B. 

The Weight, which keeps a Body immerſed in a Fluid, is call'd its 1491. 
reſpective Gravity. 5 | | 

And this reſpective Gravity is the Exceſs of the ſpecifick Gravity 1492: 
of a Solid above the ſpecifick Gravity cf a Fluid ; becauſe a Solid 
loſes ſo much of its Weight as is equal to the Weight of a Fluid of 
the fame Bulk. 3 ey 

Hence it follows that all equal Solids, the of different ſpecifick 1493+ 
Gravity, when they are immerſed into the fame Fluid, leſe an equal 
Weght * 1478. 
EXPERIMFPNIT 
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ExXPERIMNET 4. 


Alter the Weight of the Cylinder C, by encreaſing, or dim. 
niſhing the Number of Leaden Balls contained in it *; and re. 
peat the laſt Experiment, and the Event will be the ſame. 

Moreover, from what has been ſaid, it follows, that however th 
Denſities of unequal Bodies differ among themſelves, if they be in- 
merſed in the ſame Fluid, the Weights, loſt by them, are in the Rati, 
of their Bulks. For the Spaces which they take up in a Fluid, 
are in that Ratio. | 


Therefore Bodies of the ſame Weight, but of different Denſities, 


* 1. 1 Parts of their Weight, when they are immerſed in the 
u 


ame F 


id, becauſe of the Inequality of their Bulks. 


EXPERIMENT FB. 


Take two ſmall thin Plates, of the ſame Weight, one of Tin 8, the 
other of Lead P, and hang them by Horſe-hairs upon the Hooks 
of the Balance mentioned *, and there will be an Equilibrium, 
Let down the Balance, that the Bodies may be immerſed in the 
Water, contained in the Glaſſes V and V, and the Equilibrium 
will be deſtroyed. | 

The ſame Solid, immerſed in Fluids of different Denſities, loſes a 
different Part of its Weight *; therefore when two Bodies, of the 
ſame Denſity and Weight, are immerſed in Fluids of different 
Denſities, the Equilibrium between them is deſtroyed, 


EXPERIMENT 6. 


This Experiment is made after the ſame Manner as the forego- 
ing one ; but the two Plates are of Lead, Which, if they are 
both immerſed in Water, remain in Equilibrio ; but the Equili- 
brium is deſtroyed, if whilſt one is put into Water, the other 1s 
put into Spirit of Wine, | 

When a Solid, ſpecifically heavier than a Fluid, is ſuſpended 
in it, this acts againſt that, on all ſides, according to its Height“, 
and the Solid re- acts equally againſt the Fluid + ; therefore theſe 
Actions are the ſame, as if the Space, taken up by the Solid, were 
filled by the Fluid; fo that it matters not, in r-/peft of the Gravity 
of the Fluid, whether a Solid ſpecifically heavier than the Fluid br 


ſuſpended in it, or a Quantity of the ſame Fluid be poured into it, 


of equal Bulk with the Solid. 
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EXPERIMENT 7 

The Glaſs Veſſel V, having a Copper Ring round it, and al 3 
Handle, being almoſt filled with Water is 5 upon the Jan fu L F 
L of the Balance, and the Braſs Cylinder is immerſed in it, which we” 
is ſuſtained by an Horſe-hair, that it may not touch the Bottom 
of the Veſſel; an Equilibrium is made, by putting a Weight in 
the oppolite Scale. This is deſtroyed when the Cylinder R is 
taken out, and reſtored, by pouring in Water, to fill the hollow 
Cylinder N. Theſe are the Cylinders above mentioned *; if the * 1488 1489. 
Cylinder R be put into N, it fills it exactly. If when we make 
the following Experiment, we would demonſtrate this alſo, this 
may be done conveniently, as we ſhall ſee preſently *. * 

By comparing together N. 1478. and 1501. and the 3. and 7. 
Experiments, by which they are confirmed, it appears that he 
Fluid acquires the Weigit, which the immerſed Solid hoſes, The 1503. 
Force of Gravity is always proportionable to the Quantity of Mat- 
ter, and is not changed by the Immerſion of a Solid in a Fluid; 
wherefore the Sum of the Weights of the Solid and Fluid is the 
ſame, before and after the Immerſion. | 


EXPERIMENT 8. 


All Things are diſpoſed as in the third foregoing Experiment; 504. 
and there is only this Difference; inſtead of the Ring E, the pi. L. Fig. 2. 
Arm Q * is faſtened between the Pillars C and G; and the hollow 165. 
Cylinder is not made uſe of ; but the Cylinder R is hung upon the 
Hook c, by an Horſe-hair. Upon the Hook v, of the Arm Q, 
we ſuſpend a greater Balance L, which we made uſe of before *; 144, 
but in this Experiment, and the foregoing one, the Veſſel V is 
leſs, than in Experiment 3. of Chap. 2. of this Book. The Ba- 
lance / is put in Equilibrio, the Weights 2 and p being put into 
the Scale I; of which p is equal to the Weight, which the Body 
R loſes in Water, and which together ſuſtain the Cylinder R. In 
the other Balance L, there is alſo an Equilibrium between the 
Glaſs V, having Water in it, and the oppoſite Scale with the 

eight V. / is raiſed, by moving the Weight P *; the Hook va. e, 
turned in ſuch manner, that the Veſſel V may come under the 
-ylinderR ; to perform which, there is required a different Di- 
$<Ction of the Arm Q, according to the different Length of the 
Beam L, which, before the Arm is fixed, may be varied. at plea- 


ure, Let down the Balance /, that the Cylinder R may be im- 
merſed 
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merſed in the Water, contained in the Veſſel V; the Equilibrium 


in both Balances will be deſtroyed, and reſtored again, by re- 
moving the. Weight p from the Scale I, into the Scale of the Arm I. 
If we would demonſtrate the foregoing Experiment; we muſt 
put the Balance / upon the Board HEH; then the Cylinder R 
would hang from the fixed Hook in the Veſſel V. 

A Body, ſpecifically heavier than a Fluid, and which deſcends 
in it, is carried downwards with a greater Force, than it is preſſed 
upwards, as was explained before “; the Difference of which 
Forces is the reſpective Gravity of the Body. The firſt Force 
partly conſiſts of the Weight of the Fluid lying upon the Body,; 
and the Body may be immerſed to ſuch a Depth, that this Weight 
may be equal to the reſpective Gravity mentioned; if in this 
Caſe the ſuperincumbent Fluid be taken away, the Body will be 
ſuſtained. by the Preſſure of the Fluid beneath it. | 
If the Body be immerſed to a greater Depth, and the Fluid be 
likewiſe. hindered. from prefling the upper Surface of the Body, 
(as the Preſſure, whereby a Body is driven upwards, encreaſes in 
proportion to the Depth to which it is immerſed *) it will be car- 
ried upwards with a greater Force, than it will deſcend by Gra- 
vity; wherefore, if it moves freely, it will aſcend. 


EXPERIMENT g. 
To the Glaſs: Cylinder C, open at both Ends, let there be ap- 


yas plied, at, the Bottom the Copper Plate F, a quarter of an Inch 


thick; if it be very plane and even, and the Edge of the Cylinder 


be made ſo ſmooth, that, when it is applied to the Plate, the Wa- 


| ter may be kept out, and if the Plate be ſuſtained by a Thread, 


1 509. 


tied to the. Hook v in the Center of the Plate, till it be im- 
merſed in, the Water to the Depth of about three Inches, it will 
be ſuſtained by the Water ; which will appear by letting go the 
Thread. Ata greater. Depth, the Plate will ſtick faſter to the Cy- 
linder; at a leſs, it will fall from it. 


3 The Depth, to which the Plate is immerſed, mult be encreaſed, 


in proportion to the Thickneſs, and Denſity of it, If for example 
it were of Gold, the ſpecifick Gravity of Gold is to the ſpecifick 
Gravity of Water, as 19 is to 1; wherefore the reſpective Gravity 
of it is to the ſpecifick Gravity of Water, as 18 is to 1 *; therc- 
fore-the Pillar of Water ſhould exceed the thickneſs of the Gold 
Plate, in its Height, eighteen Times, that it may be equal to the 
reſpective Gravity of the Gold; therefore it is requiſite, . x0 
5 | | leight 
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Height of the Water, above the upper Surface of the golden Plate, 
be equal at leaſt to ſo many Thickneſſes of the Plate; if the Plate 


be not extended beyond the Baſe of the Cylinder : for if the Plate 
be greater, the Depth muſt be encreaſed. 


EXPERIMENT 10. 


The Cylinder A with its moveable Bottom, and covered by its 1 510. 
Top, and joined to the Tube F, as was before explained *, is im- Pl. L. Fig. 3. 
merſed in Water; and the Bottom aſcends, when it is one Foot 83. 
below the Surface of the Water; altho' by means of a Screw in 
the Center of the Bottom, this is joined to the Weight P, whereby 
the Gravity of the Bottom is ſo encreaſed as to exceed two Pounds. 
and befides the Weights which are raiſed, the Friction is over- 
come allo. | 

Every Body immerſed loſes ſo much of its Weight, as the Fluid 
weighs, which would fill the Space taken up by the Pody in the 
Fluid *. Therefore, if a Body be lighter than à Fluid, and there- 1478. 
fore aſcends, it will remain on the Surface, and the Part immerſed 
will be ſuch, that if its Place were filled up by the Fluid, this Fluid 
would weigh as much as the whole Body. 

This may be alſo immediately deduced from N. 1415; for un- 
leſs when the Body is at reſt, its Immerſion be ſuch, the horizon- 
tal Surface, which we conceive in the Fluid beneath the Body, is 
not equally preſſed every where. | 

The Rule mentioned concerning the Weight loſt “ is univerſal; 1519. 
a Body lighter than a Fluid is driven upwards, becauſe it loſes * 1479. 
more than it has; but if it be retained, it immediately appears that 
the Action of the Fluid is the fame as it is againſt a Body ſpecifi- 


cally heavier than the Fluid ; and in this Caſe the Rule may bo ap- 
plied to ſuch a Body. 


1511. 


EXPERIMENT 11. 


This Experiment differs little from the firſt Experiment of this 1513. 
Chapter. Inſtead of the Copper Cylinder, which fills the Cylin- Pl. L. bg. 4 
der N, we make uſe of the wooden Cylinder , which is of the 
lame Bigneſs, and does alſo exactly fill N, when it is put into it. 

In the Center of the upper Surface of the wooden Cylinder there 
is a ſmall perforated, wooden Prominence. The Rectangle A is 
made of a Braſs Wire, to which is joined the little Ball 5 made of 
the ſame Metal, that the Weight may be encreaſed. This Rect- 
angle hangs by a Horſe-hair, joined to the Baſe of the Cylinder N, 
e A a a and 


' © 1488. 


1514. 


1515. 


1516. 


1517. 


Plate LI. 


Fig. 2. 
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and is ſuſpended. in Water. The Cylinder 7 is put into N, or into 
the Scale B; and the Balance / is brought to an Equilibrium. 

x is taken away and is joined, being inverted, to the Rectangle 
A, by means of a ſmall Hook at d, and which is put into the Hole 
in the Prominence mentioned of the Baſe of the wooden Cylinder. 
The Cylinder acquires the Situation, ſhewn in the Figure; and 
the Equilibrium 1s deſtroyed ; but it is reſtored, as in Experi- 
ment.1 *, if. N be filled with Water, 

Taking away the Cylinder 7, before this is joined to A, the 
Equilibrium is deſtroyed ; but it is reſtored if only part of N be 
filled with Water. Then the Bulk of: the Water in N, is equal 
to the Bulk immerſed, when r floats upon the Surface of the Wa- 
ter. But the Weight of the Water, which N wants of being 
filled, is equal to the Force, with which » is driven upwards, when, 
being joined to A, it is kept below the Surface of the Water. 

Hence it follows, that the immer ſed Parts of Bodies, floating upon 


the Surface of the ſame Fluid, are to one another, as the Weights of 


the Bodies. Therefore if, by ſuperadding a Weight, the Gravity of 
a Body be changed, the Part immerſed is encreaſed in the ſame Ratio; 


and the Parts which deſcend into the Fluid by different Weights, 
are o one another, as theſe Weigbts 


 ExPERIMENT 12. 
The hollow Ball G, made of a thin Braſs Plate, is joined to a 
Cylinder of the ſame Metal, which is alſo hollow, open at Top, 


and nicely made. The Ball has a Tail c alſo, oppoſite to the 


Cylinder, at the End of which there is a ſmall Weight J. 
This Machine is lighter than Water, and being left- to itſelf, 
whilſt it floats the Cylinder acquires a vertical Situation. The 
Height of the Cylinder is divided into Parts, each of which is 
equal to half an Inch, and the Diviſions are ſhewn by Circles, 
which are horizontal in the above-mentioned Situation of the 
Machine. | | 

Small Leaden Balls are put into the Ball G, till the Surface of 
the Water reaches one of the Circles. Then the Weight is deter- 
mined which, would make the next Diviſion come to the Surface 
of the Water; if, by putting in Leaden Balls, ſuch a Weight be 


added again, and we continue to do it again and again in the ſame 


Manner, the Machine will deſcend equally each Time; that is, the 
Surface of the Water will came: to the next Circle. 
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In N. 1 506, and 150%. confirmed by Exper. 9, and 10. we 
have ſeen, how a Body heavier than a Fluid is ſuſtained by it, and 
does, as it were, float; by a like Method a Body lighter than a 
Fluid may be kept at the Bottom; in that Caſe the Preſſure of the 
ſaper-incumbent Fluid is taken off; here we muſt tak away the 
Preſſure of the Fluid againſt the lower Surface, whereby the Body 


1518, 


is driven upwards. 


EXPERIMENT 13. | 


The Braſs Plate þ c, that is exactly flat and even, and faſtened to 1 -19. 
the Stand A, remains at the Bottom of the Glaſs Veſſel V; a like P.. LL 
Plate de is fo joined to the wooden Cylinder f, having Cork LFS. 3: 
round it, as to make together with it a Body lighter than Water ; 
this laſt Plate is put upon the firſt, that they may agree one to the 
other; and the Cork is kept down with a ſtick whilſt Water is 
poured on. The Cork being left to itſelf, does not aſcend, till, be- 
ing moved from its Place, the Plates are partly ſeparated, fo that 
the Water may preſs againſt the Plate joined to the Cork, and raiſe 
it up together with the Cork. The Surfaces of the Plates muſt be 
made very plane, and ſmooth. The Experiment may be repeated 
when the Water remains, if the Plates be preſſed together. 


CHAP. IV. 
Of exploring the Weights of Bodies. | 


E have before obſerved * that the Weights of Bodies are 1 520. f 
explored by the Balance, an Inſtrument well known; and * 179. 
upon that Occaſion, we ſaid enough of its Properties, and the Par- 
ticulars required to make it perfect. But nothing was ſaid concern- 
ing the Uſe of the ſame Inſtrument, when Weights are to be de- 
termined with great Exactneſs. | 
In what we ſhell deliver concerning the Compariſon of the Den- 1 521. 
ſities, in the two following Chapters, an accurate Determination of 
the Weights is entirely neceſſary ; but as the Demonſtrations of 
the foregoing Chapter ſupply us with the moſt accurate Method of 
doing this, it will be proper to ſpeak of it here. | 
We muſt in the firſt place get a Balance, very nicely made, 1 522. 
which, when it is in Equilibrio, before it is loaded with Weights, 
may, as often as it is moved, return to an Equilibrium ; we 
Aaa2 ſpeak 
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ſpeak of a ſmall Motion. It is moreover required, that the Equi- 
| librium of this Balance, when it is loaded on both ſides with three 
or four Ounces, may be diſturbed by a fiftieth, or a ſmaller Part of 
a Gram, | 
The firſt Thing required is not eaſily obtained; and if this is 
wanting, we cannot have the Second. 
1523. In the next place, we muſt have very exact Weights, It is moſt 
convenient, when we compare Weights, to expreſs the Weights 
by grains, | | 
Ponke uſe of the following Weights ; one of a thouſand Grains; 
one of 500 Grains; one of 400 Grains; two of 200 Grains; two of 
100 Grains; two of zo Grains; two of 30 Grains; two of 20 
Grains; two of 10 Grains; to which are added the ſmaller Weights 
of ſix, five, four Grains, &c. But there is no ſmaller Weights among 
them than one Grain. "Theſe Weights are required to be ſuch, 
that there may be an Equilibrium between them, as often as the 
ſame number of Grains 1s put into each of the Scales, the Weights 
laid upon them being varied at pleaſure. | 
The Balance and Weights muſt be had from a Workman ; I will 
declare what elſe is to be added, to remove the Difficulties, which 
occur in the Uſe of it. | 
1524. We ſuſpend the Balance, as was ſaid before *, The Beam is 
PI. LII. eight Inches long; the Handle of it has a Ring at o, that we may 
g, perceive more plainly, how the Examen (that is, the ſlender per- 
pendicular Piece over the Axis) anſwers to the Index fixed in the 
upper part of the Handle. The Examen is not very ſlender, and 
its End, which is obtuſe, ſo moves, that its Diſtance from the End 
of the Index, which is ſimilar to it, may be ſmall; and as the In- 
dex and Examen are both of the ſame Thickneſs, the Equilibrium 
is perceived with great Exactneſs. 
1526. The Strings, which ſuſtain the Balance, go about the Pulleys, 
mentioned before *, and are faſtened to the Hook v. This Hook, by 
means of the Screw P, is moveable, that the Balance may be raiſed, 
or let down; but it can only move an Inch and a Quarter. When 
526. the Beam is to be moved further, the Tube 8, to which is joined 
what is of ſervice in the Motion of the Hook v, and the Screw, and 
which is faſtened by the Screw g, is moved along the ſquare Iron- 
Rod VK. The Tube 8, with its Parts, is repreſented by itſelf in 
Fig. 3. and there is no difficulty in the Conſtruction of it. 
At the Angle E, of the Board HE H, there is a ſmall Braſs 


Tube, which, that it may be well faſtened, is joined to a _ 
of - ate, 
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Plate, which goes into the Wood ; the Tube a at 

Plate at e (PI. XLIX. Fig. 1.) the ſmall ba Cp by La. 
. _ Tube, which is turned about its Axis, by means of the 

ead I. 

The ſmall Tube Q is moveable along this Cylinder; which 1528. 
ſticks faſt enough, to whatſoever part of 12 Cylinder it is applied; : 
becauſe the Ends are cut in, and are elaſtick. To this Tube is 
joined the Index T, which is moved horizontally, when, by turn- 
ing the Head I, the Cylinder h / is moved about its Axis. 

By the Hook d, of the Braſs Wire ad * the ſmall Braſs Cy- xc2 
linder 7 s is ſuſpended, whoſe two Ends are perforated ; this is * 5 ig 
more than four Inches long ; and is wrapped round with Paper, 
that the Diviſions, which will be taken notice of preſently, may be 
marked upon it more conveniently. 

At preſent the ſolid L is removed, and the End p, of the Braſs 1 530. 
Wire pu, which is bent into a Hook, is put into the Hole . 

This Wire is about five Inches long, and at its lower End, the 
ſmall Braſs Ball g is joined to it, whoſe Diameter does not exceed 
a quarter of an Inch. | 

This Wire muſt be every where of the ſame Thickneſs exactly, 
and the Length of one Inch of it muſt weigh little more than 
four Grains. 

g is immerſed in the Water contained in the Glaſs Veſſel, and 531. 
all Things are ſo diſpoſed, that p g may be almoſt wholly immerſed, 
when the Scales are put upon the Board HE H. 

To the Hook © is applied the Braſs Ball F; we ſuppoſe R re- 1532. 
moved, together with the Veſſel in which it is immerſed. The ; 
Weight of F muſt be ſuch, that it may be in equilibrio with what 
is hung upon the oppoſite Scale, the Balance being fo raiſed, that 
half of the Wire pn may be immerſed. The Index J is applied 
to the point a, which muſt be firſt marked in the middle of the 
Cylinder 7 s, for the Beginning of the Diviſions, 

Theſe Things being dune, one Grain is put into the Scale d, 1532 
and the Balance is raiſed ; in that Motion the Braſs Wire þ », 1s 
continually drawn out of the Water, whereby its Weight is en- 
creaſed * fo, that the Equilibrium is reſtored by raiſing the Balance » , ,-s. 
to the Height of about two Inches. Then the Point s is marked, 
which anſwers to the Index T. Then the Grain is removed from 
the Scale d, and put into the other, and the Balance is let down, 
that the Equilibrium may be reſtored, and the Point 7 is marked. 
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ar and as are equal. But this may be repeated many times, that 


there may be no doubt about the Diſtance between r and s. 

Each of theſe Parts anſwers to one Grain, and they are divided 
into twenty ſmaller and equal Parts; each of which anſwers to 
0,05. of a Grain; and they may be ſubdivided into five ſmaller 
Parts; which in the Uſe of the Machine may be done by the 
Sight, ſo that there will be no danger of any ſenſible Error. 

The Diviſions upwards and downwards begin at a. We call the 
Scale between a and V the aſcending Scale, and that between a and 


the deſcending Scale. 


The Method of Weighing Bodies. 
When the Weight of a Body is to be determined, the Balance 


is put in Equilibrio, and the Index is applied, as was faid in N. 


1532. The Balance is let down *, that it may be at a fmall 
Diſtance from the Board HE H; the Body to be tried is put into 


the Scale d, and the Weights into. the Scale e; and when theſe are ſo 


determined, as to want ſomewhat leſs than two Grains of the Weight 
ſought, the Balance is raiſed by the Motion of the Tube S, till it wants 
but little of an Equilibrium“; then S being faſtened, by moving the 
Screw P, we bring the Balance to an Equilibrium very exactly +, 
The Index T ſhews what muſt be added, or taken away from the 


Weight, put into the Scale e. If for Example, the Index anſwers to 
the Diviſion 36 of the Deſcending Scale, and the Weights laid on be 


equal to 1095 Grains, we muſt add a Weight equal to thirty-ſix 
hundredth parts of one Grain, and the Body weighs 1095, 36. 
Grains. If we had to do with the aſcending Scale, the Wire s ? 
being more immerſed would weigh leſs ; and the Number, ſhewn 
by the Index, would be to be ſubtracted. In the laſt Example 
the Weight ſought would have been 1094,64. In practice we 
ſhould alſo have regard to what follows. 

n muſt be oiled, before it is immerſed in Water, and then 
wiped with a Cloth ; there will remain Oil enough on ; the Ba- 
lance muſt alſo be raiſed very ſlowly. Theſe Cautions are to be 
obſerved, that the Water may not ſtick to the Wire n, when it 
is taken out ; if this ſhould happen notwithſtanding, which will 
appear immediately, (for the Water will form itſelf into Drops, 
which, tho' ſmall, may be eaſily ſeen,) the Balance muſt be let 
down again, and raiſed more ſlowly, by which all Inconveniency 
may be avoided. 5 

e 


2 
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We muſt moreover obſerve, that the Index T muſt be applied 1538 
to the divided Cylinder, when it is to anſwer to the Beginning of es 
the Diviſions, or when we would examine, to what Diviſion it an- 
ſwers ; but whilſt the Balance is moved, the Index is removed by 
turning the Head I. 
When the Balance is come to an Equilibrium, it muſt be moved 1539. 
a little, once or twice ; to ſee whether it returns to the Equilibri- 
um freely ; the leaſt Thing adhering to its Axis diſturbs the Equi- 
librium, which is remov'd by this Agitation. 
We muſt take care that the Balance be not agitated too much, 1 540- 
which may happen, when the Balance is raiſed ; for the Board H 
E H, when it is once faſten'd *, ſhould keep its Situation. To * 1531: 
hinder this, to the Pillar C there is join'd the Arm M +, to which + 167 
is added the ſmall. Braſs Plate.x y, which is bent, and has a Tail 
in the Middle of it, going thro' the Arm that the Plate may be 
faſten'd by the Screw m. To the Ends of this, at Right Angles to 
it, the ſmall Braſs Rulers 7, z are join'd, which are parallel to the 
Arm. | 
When the Balance is raiſed, the Arm is fo faſten'd, that the 


Rulers ? and 2 may be but at a ſmall Diſtance from the Beam, ſo 
as-to leave Room for a ſmall Agitation only. 


C 
Of comparing the Denſities of Fluid. 


S the Denſity of a Body follows the Proportion of its Weight, 

the Bulk being given, by comparing the Weights of equal 
Bodies, we diſcover their Denſities *. Therefare if any Veſſel be exact * 1463. 
ly ill d with a Fluid, and this Fluid be weighed ; and the ſarhe Veſſel 1541- 
be fill d with any other Fluid, which is weighed alſo ; the Weights will 
be as the Denſities. But as this Method is liable to many Dithcul- 
ties in practice, we ſhall not ſpend any Time in explaining it here. 

When the Preſſures of two Fluids are equal, the Quantities of Mat- 1542. 

ter, that is, the Weights. of Pillars, having equal Baſes, don't dif- 
fer * ; - wherefore the Bulks, which are as the Heights of the Pillars,“ 1414. 
are inverſely as the Denſities+; whence is deduced a Method of + 14% 
comparing them in:communicating Tubes ; in which notwithſtand- . 
ing the Baſes of the Pillars are not requir'd to be equal; that . it 
matters 
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matters not whether the Tubes are unequal, or not, which does 
* 1422. not alter the Height *. 


EXPERIMENT 1. 


1543. Pour Mercury into the Recurve Glaſs Tube A, to the Height be; 
Plate LL pour Water into one Leg from ô to e; and let Oil of Turpentine be 
oP pour'd into the oppoſite Leg, till the two Surfaces b, c, of the 

Mercury are in the ſame horizontal Line; and let c 4 be the Lin og 
of the Oil ; theſe Heights will be, as 97 is to 100, in V in- 
verſe Ratio is the Denfity of the Water to the Denſity c*- 2 the Oil 
of Turpentine; therefore theſe are, as n to +55, Or as 100 to 85. 
The Mercury is pour'd in, that the Fluids may not be mixed at 
the Bottom of the Tube. 

1544. This Method is liable to Difficulties alſo. The ſmaller Differences 
are not weil determin'd ; it is difficult to diſcover. by this Metliod 
the true Ratio between the Denſities of Rain-Water and diſtilled 
Water. And Mercury cannot be uſed for all Fluids, and then it 
is often difficult to keep the Fluids from mixing at the Bottom of 
the Tube. 

The following Method is of all the moſt univerſal and accurate. 

It has for its Foundation what is demonſtrated of the. Immerſion of 

1545. a Solid heavier than Fluids. When the ſame Body is immerſed in 
different Fluids, the Weights loft by it, in them, are to one another, 

* 1463.+478, 48 the Deni ities oY the Fluids X. 


A MaAcuinNneEe, 
Whereby the Denſities of Fluids are 8 


1546. We make uſe of the hydroſtatical Balance * with all its Appa- 
Plate LII. ratus, explain'd above . 


eh The little Weight F J is taken away, and inſtead of it we us 
+ 773 pend by an Horſe-hair the Glaſs Solid R. 
41532. This Solid may have a Cavity within it; and it is better for it to 


have ſuch a Cavity: for it is ſufficient, if the Solid be heavier than 
all Fluids, except Mercury, which this Method has no relation to 
but of which I ſhall ſpeak in the next Chapter. 
1547. „We determine ſome Weight at pleaſure ; but it muſt be ſuch as 
| may be ſometimes greater, and ſometimes leſs than the Weight, 
which R loſes in different Fluids. Our Weight is equal to 
700 Gr, 


The 


Chap. 5. of Natural Philgſophy. 
The Braſs Solid L, when ſuſpended between s and P, is in Equi- 


Scale e; and the Braſs Wire þ 7 being immerſed, as was faid before &, * 1532. 
L weighs 700 Gr. alſo, 


Now if we take away the Weight of 700 Gr. put into the Scale 1 549. 
e, and the Glaſs R be ſuſpended in any Fluid, and there be an Equi- 
librium, by putting a Weight into one or other of the Scales *, the * 1536 
Denſity of the Fluid is diſoover'd; if in the Scale d there be added 
the Number of Grains, put into it, to the Difference of the 00 
Gr. mention'd ; if from the Scale, there be ſubtracted that Number 
from the ſame Number 700, and if in each Caſe, there be deducted 
from the Number ſo diſcover'd the Number, ſhewn in the de- 
ſcending Scale a 5; or if it be added to it, if the Index anſwers to 
the aicending Scale ar : We have then the Weight loſt by the 


Body; that is, the Weight expreſſing the Denſity of the Fluid. 1545- 


EXPERIMENT 2. 

Things being diſpoſed, as has been explain'd &, immerge the 1 550. 
Glaſs Solid R in Water, ſuſpending it upon the Scale d; we ſhall * 54. 
have an Equilibrium, if we put eleven Grains into the Scale e, 
and the Balance be raiſed, that the Index may anſwer to the fifty- 
ſixth Diviſion of the deſcending Scale; therefore from 700 we 
muſt ſubtract the Weight 11,56 ; and the Denſity of the Water is 
expreſs'd by this Number 688,44 *. But if it had been Milk, we * 40. 
ſhould have put ten Grains into the Scale d ; which muſt be added 
to the 700, ſo that 710 expreſſes the Denſity of Milk. Sometimes 
I had this Number, ſometimes a leſs Number, for all Milk has 
not the ſame Denſity. 

Now let it be otherwiſe known, that a Cubick Foot of Water 1551. 
weighs 63 Pounds, 7 Ounces, 2 Drachms, and 2 Scruples : which 
we diſcover by determining the Weight Joſt in Water by a Body | 
whoſe Capacity is known “. I made uſe of an hollow Copper * 1478. 
Cube, whoſe Sides were exactly equal to fix Rhinland Inches. 

The Weight mention'd is equal to 487360 Gr. whilſt the Bulk of 
Water equal to our Glaſs R weighs 688,44 Grains; whence it ap- 
pears. that this Bulk muſt be multiplied by 707,92. that we may 
have a Cubick Foot ; and 710 being multipled by this Number, we 
ſhall have the Grains in a Cubick Foot of Milk; and by this Me- 
thod the Weight of a Cubisk Foot of any Fluid whatever 15 diſ- 


covered. 
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I will now give another Method alſo of comparing the. Denſities 
of Fluids, which is very compendious ; but it can't well be made 
uſe of except in ſuch Fluids, as differ little in Denſity. It is of 
uſe chiefly in comparing the Denfities of different Wines; or dif. 
ferent kinds of Malt Liquors  *©- Wh 
This Method is alſo founded upon what is demonſtrated concern- 
ing Bodies immerſed in Fluids, but ſuch as are lighter than the 
Fluids. FO, "FTE | St 3 ap 3e 0b et "a ut 
If a Solid, which is lighter than the Fluids to be compar d, be im- 
merſed in different Fluids, the immerſed Parts will be inverſely as the 
Denfities of the Fluid; for, ſinee the fame Solid is made uſe of, 
the Portions of the different Fluids, which would in every Caſe fill 
the Space taken up by the immerſed Part, would be of the fame 
Weight * ; therefore the Bulks, of thoſe Parts immerſed, would be 
inverſely as the Denſities . | | 


Another Mac HINTE, 
By which the Denfities of Fluids are compared. 


This Machine A is of Glaſs, and conſiſts of a hollow Ball, together 
with a cylindrick Tube, which is divided into equal Parts. Ano- 
ther Ball is join'd to this at the Bottom of it, Part of which is fill'd 
with Mercury, or very imall Shot, that the Tube may, by means 
of this Weight, deſcend vertically in Fluids, and remain in that 
Pofition : Care muſt be taken not to have too much Weight in the 
little Ball, for the Machine muſt be lighter than the Fluids to be 
compared together, The Machine deſcends to different Depths in 
different Fluids; and their Denſities are inverſely as the Parts im- 
merſed *, which therefore are to be compar'd together. 

A Thread is tied to the Machine at 3; and it is immerſed in 
Water, the Weight of the lower Ball being increafed, ſo that the 
Machine may indeed float, but have the greateſt Part of its Tube 
in the Water. The Machine, together with its Thread, is to be 
weighed exactly; mine weighed 550 Grains. The Machine, be- 
ing put into Water, deſcends to 5 therefore a Bulk of Water, 
equal to the immerſed Part of the Machine, weighs 550 Grains *, 


and may be expreſſed by that Number. The Thread mention'd is 


faſten'd to the Hook of the Scale of the hydroſtatical Balance ; 
the Machine remaining immerſed, put 20 Grains in the oppoſite 
Scale, and raiſe the Balance gently, (whereby the Tube will be 
drawn a little way out of Water, and become heavier,) 'till * 
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be an Equilibrium, then the Surface of Water comes to the Point 4. 
The Water ſuſtain'd the Weight of the whole Machine, except 20 
Grains; that is, it ſuſtain'd 530 Grains; and the Weight of the 
Water, of the ſame Bulk with the Part then immerſed, was equal 
to ſo many Grains, and 1s expreſs'd by this Number ; and the Bulk 
of the Part d & of the Tube was 20. If the Space d b be divided 
into 10 equal. Parts, and the Diviſions are continued upwards be- 
yond &, and downwards beyond d, each Diviſion will be equal to 2; 
and theſe Diviſions may be again divided into ſmaller Diviſions ; 
and by obſerving the Diviſion, to which the Machine deſcends in a 
Fluid, you will have the Bulk of the immerſed Part. For Exam- 
ple, if the whole Tube ſtands out above the Water, the im- 
merſed Bulk will be 526; if it defcends to the higheſt Diviſion, 
the immerſed Bulk will be 556; and the Denſities of the Fluids, 
in which this happens, will be inverſely as thoſe Numbers, that is, 
as 556 to 526 ; and only the intermediate Denſities can be compar'd 
by this Inſtrument. If the Ball was leſs in proportion to the Tube, 
it would ſerve for comparing together Fluids, whoſe Denſities dif- 
fer more than thus. 

When ſeveral Fluids are compared together, the Numbers which 
expreſs the Bulks of the immerſed Parts are the Denominators of 
Fractions, which have 1 for their Numerator ; and theſe Fractions 


expreſs the Ratio of the Denſities ; for they are to one another in- 
verſely as the Denominators. 


1556. 


ä EXPERIMENT 3. 
Let the Denſities of Waters, containing different Quantities of 1557. 
Salts, be to be compared, the Machine deſcends in one to the Di- 


viſion e; if it be immerſed in another, it only deſcends to the Di- 
viſion c, their Denſities will be to one another, as r to 335+ 


HA F., vi. 
O the Hydroſtatical Compariſon of Solids. 


N hemogeneous Bodies the Denſities are in a Ratio com- 
. of the direct Ratio of the Weights, and the inverſe 
Ratio of the Bulks * ; therefore you 4:1] have the Denſities, that is, 1467. 
ou will have Numbers that are to each other as thoſe Denſities, 1 558, 
dividing the Weights by the Bulks. 
| Bbb 2 The 
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The Weights of all Bodies may be compared by means of the Ba- 
lance ;- the Bulks are found by weighing Bodies zn the ſame Fluid, 
for the Weights, 4% by them, are as their Bulks *. 


A MACHniNE, 
Whereby the Denſities of ſolid Bodies are compared, 


Here the hydroſtatical Balance is to be uſed again *, together 
with all its Apparatus + ; as was dane in comparing the Denſities 
of Fluids J. 

Inſtead of the ſolid R we make uſe of the Glaſs Veſſel N, in 
which the Bodies to be compared are put. Inſtead of the Solid L, 
we uſe the ſolid O, which is alſo of Braſs; and is fo determined, 
that, when the Veſſel N is immerſed in Water, there may be an 
Equilibrium, the Balance being in the Poſition before-mention'd *. 

The Body, whoſe Denſity is required, is put in the Scale d, 
and weigh'd *. The Situation of the Index T is to be changed in 
ſuch manner, that it may anſwer to a, the Balance remaining in 
Equilibrio, whereby we determined the faid Weight. This Body, 
other Things remaining, is put into the Veſſel N, which is im- 
merſed in Water, as was ſaid; and Weights are put into the Scale 
d, and the Balance is brought to an Equilibrium, and we have the 
Weight loſt by the Body in Water; therefore we muſt divide the 

Weight of the Body by this, that we may have its Denſity * : that 
is, we divide the Weight in the Scale e by the Weight in the Scale 
d, correcting each by adding, or ſubtracting a Fraction, which the 


Scale ſhews. 


EXPERIMENT. 


A Piece of pure Gold 2, which was expoſed to the Fire tome 
Hours, and afterwards waſh'd in Water, and wiped with a clean 
Cloth, that nothing extraneous ſhould ſtick to it, was put in the 
Scale d, and nine hundred and ſixty Grains in the Scale e. When 
the Balance was brought to an Equilibrium *, the Index anſwer d 
to the ſeventeenth Diviſion of the deſcending Scale ; therefore the 
Weight of the Gold was 96, 17 Grains. | 

The Index being alter'd *, and the Gold being put into the 
Veſſe! N, other Things remaining as they were, the Equilibrium 
was deſtroy'd ; fifty Grains were put into the Scale d, and the 

Balance being raiſed, that the Index might anſwer to the ninth 


- Diviſion of the deſcending Scale, the Equilibrium was reſtored; 
therefore 
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therefore the Weight deſtroyed was 49,91 W. By the Diviſion , * 1536. 
the Denſity was 1.9, 238. Nearly 19 +. 1715355. 

I made the like Experiment with Silver. The Weight of a 
Piece of Silver, whoſe Surface was ſmooth, and well cleaned, was 
439,153 the Weight loſt was 42,58; therefore the Denſity was 
10,31. The Denlity of pure Silver is greater. 

The Denſity of Mercury is diſcovered in the fame manner as 1 563. 
that of Solids is. A ſmall Glaſs Veſſel is put in the Scale 4, and 
the Balance being in Equilibrio, the Index is placed as was men- 
tioned *; pour what Mercury you pleaſe into this Veſſel, and find * 1632. 
the Weight. Then pour the Mercury into the Veſſel N, and the 
other ſmall Veſſel is put into the Scale d, as before; and the 
Weight loſt by the Mercury in Water is determined. 

The Mercury ſhould be well cleanſed alſo, for there is a certain 
Greaſineſs which eaſily adheres to its Surface, which in ſome mea- 
ſure hinders the Water from applying itſelf cloſe to it, and then 
the Denfity foun will be leſs than the true Denſity. 

I found the Denſity of Mercury, pretty well cleanſed, to be 
13,54. Or 13,57, more and leſs; its Denſity, when very well 
cleanſed, was 13, 62. 

We here compare the Denſity of Solids with the Denfity of Wa- 1 564. 
ter; and by means of this, with the Denſities of other Fluids. 

The Denſity of Water is expreſſed by Unity; for ſuch would 
be the Denſity of a Body, which ſhould have the ſame ſpecifick 
Gravity with Water. | 

By this Method likewiſe we may difcover the Denſities of Bo- 1565. 
dies ſpecifically lighter than Water; if they be ſo joined to the 
Veſſel, as to be drawn into the Water by its Weight. | 

By multiplying the Weight of a cubic Foot of Water * by the 1566. 
Number, expreſſing the Denſity of the Body, we have the Weight 58“ 
of a cubic Foot of the Body itſelf ; which Determination of the 
Weight is in many Caſes of great Uſe. 


I 562, 


AMaAcniNE, 
Whereby we may diſcover whether Money is good or bad. 
Take the Machine A, like the Machine deſcribed in the pre- 1567. 


ceding Chapter *; and let it have fixed to its Bottom the Ring E; 9 6. 
the Ball will, by its own Weight, be in part immerſed in Water. 


The Money which we ſuſpect to be counterfeit is to be com- 1 568, 
pared with good Money, of the ſame Weight, by firſt putting an 
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and then the other on the Ring; for if the Money fuſpected be 
bad, the Machine will fink to a leſs Depth. 


That this may be of uſe to try ſeveral forts of Money, it muſt be 
ſo made, that, when a lighter Species of Coin is put upon it, the 
whole Ball may net be covered with Water; and then a Copper 
or Leaden Plate ; is applied, which being added to the Money, may 
make the Surface 2 the Water riſe about as high as the Middle of 
the Neck of the Machine. | 


I 'we ſhould not have by us good Money, exaily of the ſame 


Weight with that which is ſuſpected to be counterfeit, we muſt 


ik uſe of this Method. We muſt | ty, upon the Ring a Piece 
of Money known to be good; and obſerve how far the Machine 
ſinks. Then we muſt put upon the Machine another Piece of 

Money, of the ſame Species, whoſe Weight differs a little from 
that 'of the firſt Piece, for exam le one Grain, and find the Dif- 
ference of the Immerſion ; let be one Diviſion and an half. 
Now if from what goes before we know that the Money ſuſpected 
differs two Grains from the firſt Piece, we ſhall alſo know, that 
the Immerſion ſhould - differ three Diviſions; and how far the 
Machine ſhould fink, when the ſuſpected Money is put upon it; 

if it ſinks to a leſs Depth, this will ſhew that it is counterfeit, 

By comparing the Denfities of Metals we may ſolve that cele- 
brated Problem of Archimedes concerning mixt Metals. 

Let there be given a mixt Metal, made up of two known Metals; 
and let it be to be determined what Quantity of each goes to make 
up. the Mixture, che Denſities of che Metals and the Mixture be- 
1 en 
-=_ the Denſities of the Metals be A B, A D; that of the 


Mixture AC. Let alfo AL and LI be, as the Bulks of the firſt 


We ſecond Metals in the Mixture. And let us ſuppoſe the Rect- | 


angles AF, LH, AG to be formed. 

The Weight of the firſt Metal in the Mixture may be repreſent- 
ed by the Rectangle AF *; then LH will repreſent the Weight 
of the ſecond Metal ; and the Figure ABFM HIA ſhews the 
Weight of the whole Mixture ; this is alſo repreſented by the 
Rectangle 5 CGI*; which therefore i is equal to the Figure men- 

tioned. 


* Trking eviy Sow each the common Figure ACNMHI, t there 
remain thee 
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qual Rectangles BN, NH; whoſe Sides are recipro- 


oportional®, F N is to NM, 28 NG is to NC; that is, as 
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is to L I. "The Bulk of the Mixture zs fo pe Bulk of the ff econd 1571. 
Metal in the Mixture, as the Difference of ie Denſ; T4 of the firſt 
and ſecond Metals is ta _ the Difference of the Denſities of the ff 
Metal and the Mixture. 
But rlie Weght of, the le Mixture 13 to the Weight of the ſe= 1672. 


cond Metal in the Mixture, in a Ratio compounded of the Denſi- 
ties of the Mixture and the ſecond Metal, and the Ratio of the 
Bulk of the Mixture and the Bulk of the ſecond Metal in the 
Mixture *; that is, as the Pruduct of the Denſity e of the Mixture, * 1465. 
by the Di rence of the Denſittes 0 ＋ 5 Metals, is to the Denſity ng 
the feca Metal, multiplied 0 the Difference of the  Denfitres of 
the firſt Metal and the Mixture. 

This Solution depends upon this Hypotheſis, that each of the 1573. 
Metals in the Mixture keeps its whole Bulk; but if ſome. of the 
Parts of the one enter into the Pores of the other, the Solutiqn is 
not accurate. And who can affirm that there is a fimple A off= 
tion of the finall Parts in every Mixture of Metals; the 
has not yet been nicely determined by Experiments. Amon gſt the 
Experiments, which Hooł made 5. the Engliſh Royal Soy 
there is one mentioned, by which it oF, that the Denſity gf 
Copper was encreaſed by * Mixture of Tin, tho' a lighter Meta 
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CHAP. VII. 
Of the Celerity of a Fluid arifing from the Preſſure of 
| a ſuperincumbent Fluid. 5 


A inferior Fluid is preſſed by a ſuperior, and that equall 
every way *, and it endeavonrs to recede every way wit 
equal Force; therefore if you take off the Preſſure on one Side, the 
uid will move towards that Side; and which way ſoever the Preſ- 
ſure be taken away, it will move with the ſame Celerity : which will 
be confirmed by Experiments to be mentioned in the Chapter, 
where we ſpeak of ſpouting Fluide. 
At the ſame Depth the Celerity is alſo every where the 
a Equality of the Preſſure * ; but when the 
Depth is changed, the Celerity is alſo changed. 

I ſay that he Velocity mentioned is communicated by the Preſſure, 
but that the Particles do not acquire it by falling: for the firſt Par- 
ticles that go out, do not move more flowly than thoſe, that follre : 
for the firſt Particles go the ſame way with thoſe that follow, it 
they go out obliquely. Beſides, not only thoſe that deſcend go 
out, but thoſe alſo that flow ſidewiſe; and a Particle is moved by 

the Preſſure of all the circumambient Particles, except thoſe that 
go before it; and the Particles, which deſcend, don't ſo much ac- 
quire their Velocity by means of the ſuperincumbent Particles, as 
by the Preſſure of the lateral Particles; for they can't be accelerated 
by thoſe that fallow, and move with the ſame Velocity. 

Let there be a Veſſel A, filled with a Fluid to the Height « 5; 
let the Water run out thro' a Hole c 4 in the Bottom. All the 
Particles following one another go out with the ſame Velocity. 
Let us conceive a Plate c f, anſwering to the Hole; this ſuſtains 
the Weight of the Column e m; and is preſſed downwards by this 


whole Action, and by its own Weight, whilſt it is at reſt; "an 
when 
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: 5 
when the Hole is opened the Action of the Column e m immedi. 
ately ceaſes, except it be continually prefſed by the circumambient 
Fluid. The Particles, which yield, are removed from the Action 
of the following Particles, if theſe be not driven on by a greater 
Force; but this can't be applied to the lateral Preſſure, which yet 
produces the ſame Effect with the direct Preſſure, fince all Preflure 
produces the fame Action towards all Parts *. * 1418. 

It will plainly appear that the Velocity, with which the Plate 1 578 
f goes out, is to be attributed to the lateral Preſſure only, which 
the Fluid ſurrounding; the Pillar c, exerts upon it, if we ſup- 
poſe, this Preſſure to be taken away, and the Pillar c to be in- 
cloſed in a Tube. This would then fall all together, like a ſolid 
Body, and the Motion of the Plate c f, would be like that of a 
ſeparate Plate 7: ; that is, it would go out of the Hole with the 
leaſt Velocity, which does not happen *. * 1576, 

But we diſcover the true Velocity, with which the Plate cf goes 1 579. 
out of the Hole, ſetting; aſide the Retardations, by determining the 
Force with which it is thrown. out, 

This Plate, during the Action by which it is driven out, runs 1 580. 
thro' its Height 4/; let us ſuppoſe the Plate , in falling, to run 
thro' its Height alſo; the Forces communicated to theſe equal 
Plates, in running thro' equal Spaces, are to one another, as the 
Intenſities of the Preſſures, whereby the Forces were communi- 

cated &; which Intenſities are, as the Weight of the Pillar c zz + ; * 777 
to the Weight of the Plate 7. Bees 

If we alſo ſuppoſe the whole Pillar c, to fall alone by its own 
Weight, and to deſcend along the ſame Height 4 f, it will acquire 
a Velocity equal to that, which the Plate 1 acquired; and the 
Force, acquired by the Pillar, is to the Force of the Plate u, as 
the Weight of that to the Weight of this“; therefore the Force: - . 
of the Pillar and Plate cf, have the ſame Ratio to the Force of the 


Plate 2; and they are equal to one another . But the Forces, ac- ; ,;; . 
quired in falling, are equal, when the Heights are inverſely as the 
Mafles +; that is, as the Weights ||; whence it follows that the | 1775 


Plate 2 goes out with a Force equal to that, which it would ac- 
quire in falling freely the Height » 9. 

This Demonſtration is very univerſal, whether the Plate be 1581. 
thicker, or thinner; it is always driven out with a Velocity cqual 
to that, which a Body acquires in falling the ſaid Height nd, and 
it acquires this Velocity, whilſt it runs thro the Space fd. But 
the Demonſtration is founded upon this, . that the Preſſure is 
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equal every way *; therefore, tho' it be not confined to Particles 
of a determined Magnitude, yet can it only take place in Particles 
of ſuch a ſmallneſs, as to conſtitute a Fluid; but as very ſmall Par- 
ticles are required for this, it follows that the firſt which go out, 
acquire their whole Velocity in a very ſmall, and entirely inſen- 
fible Moment. | 

If the Particles, of which the Pillar c conſiſts, ſhould go out 
ſucceſſively, the Eflux would not be continued ; but the Plates 
would go out ſucceſſively, there being ſome little Space of Time 
betwixt the going out of each. But the Quantity, which goes out, 
in the Time in which a Body may paſs thro' the Height d m, does 
indeed exceed the whole direct Column, and the Exceſs is ſup- 
plied by the lateral Fluid ſo, as to make the Eflux continuous 
without any interruption. 

In the Time, in which the firſt Plate, that goes out, acquires its 
Velocity, the adjacent ones alfo are driven on in ſuch manner, that 
many are in continual Motion, during the Efflux; to each of 
which, at their going out, ſo much Velocity is communicated as 
they want of that greateſt Velocity, above-determined, which the 
moving Cauſe can communicate to them. 

Hence it follows that a Fluid, by means of the Preſſure of a ſu- 
perincumbent Fluid, (for even the lateral Preſſure depends upon 
this) ſpouts out of a Hole, with a continued Jet, with a Velocity 
equal to that, which a Body acquires in falling from the Top of the 
Fluid to the Hole; ſetting afide the Coheſion of the Parts, as in this 
Deinonſtration, which tho' it be ſmall, is yet to be obſerved in 
moſt Fluids; by which Cohefion the Particles that are going out 
are retaimed, whilſt the Fluid, that is flowing out, is ſeparated 
from what remains ; and therefore they are retarded. But beſides 
this Retardation, which depends upon the Fluid, the Velocity of 
the Fluid is diminiſhed by many other outward Cauſes ; of which 
1 ſhall ſpeak in the next Chapter. | 


A MACHINE, 
Whereby Experiments concerning ſpouting Fluids are made. 


The wooden eee 4 AB, which is 18 Inches long, and 


as wide, and above two 


rizontal Bottom of the wooden Trough C D, which is almoſt tour 


Feet long, a Foot and a half broad, and five or fix Inches * 
bis t 


eet high, is filled with Water, and {0 
placed, that its Bottom may be raiſed about a Foot above the ho- 
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At F at the Height of a Foot and an half above the Bottom 
of the Trough D, there is fixed an horizontal Braſs Pipe, the Di- 
ameter of whoſe Cavity exceeds half an Inch; the anteriour Part 
of it is cloſed by a Plate, in the Middle of which there is an Hole 
of the twelfth of an Inch diameter : this Hole is ſtopped by a Sto 
R, whereby the anteriour Part of the Pipe is encloſed, and which 
is joined to it by a Screw: two ſuch Pipes are faſtened at E, near 
the Bottom of the Veſſel AB, and at G; and this laſt is as much 
above F, as that is below it. 

Near the Bottom of the ſame Machine there is alſo faſtened a 
Cock N, with a Screw, that a Pipe may be faſtened to it. 


EXPERIMENT 1. 


The Veſſel AB is filled with Water in ſuch manner, that the |, 585. 
Heights of the upper Surface of the Water above the Bottom of 
the Trough CD, may be divided into two equal Parts by the Hole 
at F, each of which Diviſions is equal to a Foot and an half in my 
Machine. The Water ſpouts out of this Hole along F M, and the 
harizontal Diſtance of the Point, to which it ſpouts in the Bottom 
of the Trough D, from the Hole exceeds 34 Inches, which does 
not want two Inches of the Height of the Water above the ſaid 
Bottom : if it reached to the Diſtance of 36 Inches, the Water | 
would, in the Time in which a Body may fall from F to the | | 
Bottom of the Trough CD, run thro' a Space double of this 
Height “, with an equable Motion, and with the Celerity with * 54: 
which it goes out; and would therefore move with a Celerity equal 
to that, which a Body may acquire in falling from this Height Þ ; + 376. 
but this Height is equal to the Height of the Surface of the Wa- | 
ter above the Hole. But as it only reaches to the Diſtance of about 
34 + Inch. the true Velocity of the Water wants about a twenty- | 
tourth Part of the Velocity mentioned. | | 
Setting afide the Retardations, the Squares of the Velocities, with 1 586, | 
which a Fluid goes out of different Holes, are to one another as the | 
Heights of the Fluid above the Holes*, And it appears by Expe- * 1583. 374 
r1ments that the Retardations don't hinder this Proportion much, as 
long as the Heights do not exceed 30 Feet, or 35. In leſs Heights 
we make manifeſt this Proportion by the following Experiment. 


EXPERIMENT: 2. 


. . . * 8 > 
The Machine above-mentioned is made uſe of here“; and we 8 


ought to conſider this, that the Diſtances, to which the Water j;, . 
SOC 2 | ſpouts * «584. 
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| Fouts in the Bottom of the Trough CD, whilſt it goes out of the 


Hole as E horizontally, ſuppoſing different Heights of the Surface 
of the Water, are Spaces horizontally run thro”, with an equable 
Motion, in the Time in Which a falling Body may run thro' 
I L, which is equal to the Height of the Hole above the Bottom 
of the Trough * : and that therefore theſe Diſtances are as the 
Velocities F. | 

Now if there be Water in the Veſſel A B, eight inches above 
the Hole at E, and the Diſtance to which it ſpouts, be mea- 
fured, and more Water be poured in, till it be eighteen Inches 
high, and the Diſtance be meaſured again ; theſe will be as 2 isto 

The Squares of the Diſtances are here as the Heights of the 

ater, in which Ratio are the Squares of the Celerities. 


CHAP. VIII. 
Of Spouting Fluids. 


Fluid, ſpouting vertically out of a Hole, ariſes with 
that Celerity, with which it would come up 70 22 upper 


e, e Surface of the Fluid *, yet it never comes up to that Height, and 
423583. 380. * 8 bl 


+ 1583. 
1589. 


1590. 


that for ſeveral Cauſes beſides the Coheſion of the Parts above 
mentioned F. 

1. The Celerity, by which the Fluid aſcends, is diminiſhed every 
Moment, and the Column of the ſpouting Fluid conſiſts of Parts, 
which are moved to different Heights by different Celerities ; all 
the Parts of a Column, which 1s every where of the ſame thick- 
neſs, are neceſſarily moved by the fame Celetity ; the ſaid Column 
every where will be broader every Moment, as the Celerity of the 
Fluid is diminiſhed ; which ariſes from the Impulſe of the Fluid 
following, and which from the Nature of a Fluid yields to every 
Impreſſion, and is eaſily moved every way; by that Impreſſion the 
Motion is retarded every where. 

2. This Motion is alſo diminiſhed by the Fluid, becauſe, when 
it hath loſt all its Motion, it hangs in the upper part of the 
Column, and is ſuſtained for a Moment by the Fluid that follows, 
before it flows off on the Sides, which retards the Fluid that fol- 
lows it, and that Retardation is communicated to the who!: 
Column. 

3. Dy 
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3. By the Friction againſt the Sides of the Hole, 
of the Fluid is diminiſhed ; which Friction is « 
Fluid is brought thro Pipes and Cocks. 3 | 
1 Laſtly, the Air's Reſiſtance ſtops the Motion of Fluids. 1592. 
t is manifeſt that the firſt Cauſe above-mention-d *, of the Re- 1559 
tardation cannot be corrected. 13 b 
The ſecond . is corrected by ſomewhat inclining the Direction 1 593. 
of the Fluid, as is ſelf- evident; and this is the Reaſon why a Fluid + 1599. 


riſes higher, if its Direction be a little inclined, than if it ſpouts 1594. 
vert! cally. | 


the Celerity 1591. 


encreaſed, when the 


EXPERIMENT I. | 

To the Machine above-deſcribed *, by help of the Screw at N. 1 59 5. 
join the Curve Tube NO, from which the Water ſpouts up ver- Pl. LV. 
tically through a ſmall Hole, by turning the Tube a little, which is Eis b 
eafily done, by reaſon of the Screw at N, the Direction of the * © 
ſpouting Water will be inclined, and it will aſcend higher. But by 
this Inclination the Beauty of a Jet is often deſtroyed. | 
As to the third Cauſe of the Retardation * it is to be obſerved, 1596. 
that the Friction is greater in proportion, when the Hole is leſs ; * 91 
for the Circumference, againſt which the Friction is, encreaſes as the 
Diameter, and the whole is encreaſed as the Square of the Diame- 
ter + ; and the Quantity of the ſpouting Fluid encreaſes more than + 2. El. 12 
the Friction. It is alſo plain that the Friction encreaſes with the 
Celerity, wherefore the Holes are to be encreaſed according to the 15 97. 
Height of the ſpouting Water, that whilſt the Friction is encreaſed 
from one Cauſe, it may be diminiſhed from another. | | 

The Ends of the Pipes, from which the Watex ſpouts, have 1598. 
commonly the Figure of a truncated Cone, as is repreſented at P; Pl. LIV. 
in which End the Water ſuffers a great deal of Friction, and is *'* * 
moved irregularly, and ſpouts up with that Irregularity. This may 
be amended by covering the End of the Tube with a flat, ſmooth, 1599. 
and poliſhed Plate, which has a Hole in it, whoſe Sides muſt be 
alſo well poliſhed ; for then the Water ſpouts higher, and becauſe it 


riſes with a Motion entirely regular, it is perfectly tranſparent. 


* 
— 


EXPERIMENT 2. 

Take the Tube above-mentioned P, as alſo the Cylinder Q, ſhut _ F000 
up at one End with a bored Plate ; let theſe be ſcrewed on one at- Fig. 2. AS 
ter another, to the End O of the Tube NO; the Water remain- 
ing at the fame Height in the Veſſel A E, the Water ſpouts out s 

the 
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the Cylinder Q to a greater Height, and there is a Difference of 
two Inches at leaſt in this ſmall Height. 

The Pipes which bring the Water from a i theo r, muſt be very 
wide in proportion to the ſpouting Hole, that the Water may move 
more ſlowly in theſe Pipes, and have no ſenſible Friction. The 
Water-way, or Paſſage, of the Cocks muſt be very large alſo, that 
the Friction may be diminiſhed. 


EXPERIMENT 3. 
To the Veſſel A B, at the ſame Height as the Pipe F, is fixed 


a Pipe which has a Cock in it; this is narrower and ſhut up with 
a Plate in the ſame manner as the Pipe F, and the Plate is bored 
in like manner, but the Hole is leſs ; the Water-way of this Cock 
is a quarter of an Inch. The Water which goes through this Cock 
is brought thro' a narrower Space than that which moves through 


the Pipe F ; this laſt is more tranſparent, and ſpouts to a greater 


Diſtance. If theſe Jets were directed upwards, the Height of the 
Jet which comes through F, would be double of the other ; as is 
eaſily diſcovered from the Diſtances, to which the Water ſpouts. 
he Reſiſtance of the Air has a ſenſible Effect upon the Motion of 
Fluids, For the Air reſiſts Motion as all Bodies do; the ſpouting 
Fluid acts upon the Particles of Air, by the Reaction of which “, 
the Motion of the Fluid is diminiſhed. 
Beſides this Reſiſtance there is alſo another, not to be over- 
looked, which is the Action of the Air againſt the ſpouting Fluid. 
It will appear in the following Book that Air has the Properties of 
Fluids. It encloſes the whole Column of the ſpouting Fluid, and 
reſiſts that part of its Motion, whereby it ſpreads itſelf ſide-ways, 
as it becomes wider *; and there is required a greater Force of the 


Fluid that comes after, than if this Reſiſtance was taken away; 


therefore the Air reſiſts by its lateral Preſſure alſo. 

The Reſiſtance ariſing from the Stroke of the Fluid againſt the 
Air encreaſes with the impinging Surface, that is, if the Celerities 
remain the ſame, it encreaſes with the Hole; in which Ratio allo, 
the Quantity of the Matter moved encreaſes, and upon this account 
it is no matter of what Bigneſs the Hole is. 

The lateral Preſſure follows the Proportion of the Surface of the 
Column ; the Matter moved, which (the Celerity being the ſame) 
is in the Ratio of the innate Force *, is changed in proportion of 
the whole Column, that is, of the Square of its Surface ; and there- 
fore, if the Hole be encreaſed, the Force of the Fluid encreaſes 


faſter 
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faſter than the Cauſe retarding it; and for that Reaſon in the greater 

Heights of ſpouting Fluids, that the lateral Preſſure (which exerts a 

greater Action as it acts the longer) may be the better overcome, 

greater Holes are required; which we have alſo ſhewed before to 

be required in the fame Caſe from another Cauſe *: where, as well 
as here, we ſuppoſed the greater Holes only neceſſary for the greater 

Heights, tho' the Demonſtrations prove that theſe Holes, which 

are very neceſſary to the greater Heights, are in general to be pre- 

ferred to others. I ſhall give the Reaſon of this Diſtinction. 

Great Holes alſo hinder the Motion; for firſt there is a greater 1608 
Surface Which is preſſed upon by the higheſt part of the Fluid, : 
which has loſt all its Motion, and hangs on a longer Time, before 
it runs off at the Sides. 

Secondly, Not only the Fluid which is directly againſt the Hole 1609. 
runs out, but, that there may be a conſtant Supply, the neighbouring 
Fluid continually comes towards the Hole with an oblique Motion, 
and in going out it is carried with a compound Motion, whereb Il 
the Motion of the ſpouting Fluid is diſturbed; the greater the Hole I! 
is, the greater is the Diſturbance ariſing from that Cauſe. | 

In ſmaller Holes the Retardations prevail, which are diminiſhed, 
when the Hole is made larger; but a Hole may be made fo large | 
that the Retardations may encreaſe with the Hole. Wherefore i 1610. | 
all Heights there is a certain Meaſure of the Hole, thro which the | | 
Fluid will riſe to the greateſt Height poſſible, Yet one cannot give 
Rules to determine the Diarneter of the Hole, becauſe the Bigneſs 
| 
| 
| 


p —_— y 
k 4 * * 1 2 


of the Pipes of Conduct and their Inflections require it different; ll 
ſo that there would be a Variation in Infinitum. | 

But it is to be obſerved, that te Height to which the Fluid can 1611. 
2 and alſo the Bigneſs of the Hole, have their Limits, which 
they cannot exceed, | 

For when the Celerity of the Fluid is too great, it ſtrikes againſt | 
the Air with ſo much Force, that it is diſperſed into Drops ; in | 
which Caſe, by diminiſhing the Celerity, the Height, to which i} 
the Fluid ſpouts will be encreaſed ; and the greateſt Height, to | 
which a Fluid can aſcend, is different in different Fluids: and 
this Height in ſpouting Water, ſcarce exceeds an hundred 
Feet. The Diameter of the Hole, which anſwers to this greateſt 
Height, ſcarce exceeds an Inch and a Quarter, 

Fluids, which ſpout obliquely, are not retarded from fo many Cauſes, 1612, | 


— — HI — __— — 
— 


nor ſo much, as thoſe that ſpout vertically. The ſecond Cauſe of 

Retardation, above-mentioned *, has no place here, and the Effect . 1590. | 

of the firſt + is leſs, As for the reſt, one may apply here 1 * + 1589. 
as 
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354 
1613. 


1614. 


Pl. LIII. 
Fig. t. 


is looſened a little. 


Mathematical Elements Book III. 


has been ſaid of Solids obliquely, projected in Chap. xxii. of the 
firſt Book; and a Fluid may be conſidered as innumerable Solzds, 
following one another, and running thro the ſame way. In the Mo- 


tion of a Fluid, the Way gone thro' is ſenſible, and what has been 
ſaid of Solids obliquely projected, may be reduced to. Experiments 


by the help of Fluids; for doing which we muſt make uſe 
of Quickſilver, becauſe, of the great ſpecifick Gravity of this Fluid 
in reſpect of others. But theſe Experiments are to be made by a 
particular Machine, | | 


AMAchIN E, 
Whereby Experiments concerning Fluids ſpouting obliquely are made. 


The wooden Trough ABCDEFH is four Foot long, and ten 
or twelve Inches broad ; it is fix or ſeven Inches high ; the Bottom 
is made of a Board hollowed in half an Inch, to contain the Mer- 
ere ber. ET 

In the End H, of the Side E, F, H, you have a Board HI fix 
Inches wide, and two Foot high, which has in it a Slit of, By 
this means you may fix to any Height upon the Board the wooden 
Parallelopiped s, which has a Screw fixed in its hinder Part. 

This Solid is repreſented by itſelf at S (Fig. 2.) There is faſtened 
to it a cylindric Veſſel of Box-wood, which has a Groove round it 
to receive two Braſs Plates, one of which may be ſeen at fe ; their 
Ends are joined together by the Screw g, ſo as to make the Box 
Veſſel immoveable ; but this moves about its Axis, when the Screw 


In the Bottom of this Veſlel there is a cylindric Cavity ab, a 


quarter of an Inch Diameter; this communicates with. a like Ca- 


vity 6 c, which terminates in the middle of the greater Cavity c a, 
whoſe Diameter is above half an Inch; into this is put the trun- 
cated Cone H. (Fig. 3.) of Box, whoſe exteriour Surface anſwers 
to the interiour Surface of the Cavity in ſuch manner, that the 
Cone may turn about its Axis in this Cavity; whilſt it is held faſt 
by the Screw R, which goes thro' the Braſs Handle QO. 

The truncated Cone H is joined to the Cylinder I L at 
right Angles to it; and there is a bent Cavity Yi which goes thro' 
the Cone and Cylinder, of the fame Diameter with the Cavity 
4, and anſwering to it. But that is broader at L, that the Glaſs 


Tube N M may be put into it. 


8 | 3 


Thap. 8. of Natural Philoſophy. 


The Tube is & Foot and an half long, one End of which is ſeen 
at NM (Fig. 5) which is joined to the Box Cylinder L I, which is 
hollowed at Ji h, with a round Hole in the Form of a Gnomon, 
or Carpenter's Square; at hc the Cavity is greater, to receive the 
truncated Cone E D, that exactly fills it, and is moveable about its 
Axis by the WP of the Handle E A. 15 TE 

The Cavity Yi anſwers to the Cavity de, which communicates 
with /g; this part of the Box has driven upon it an Iron Ferril 
BQ, in which 1s drilled a very ſmall Hole g, which when the 
Parts of the Machine are joined together, communicates with the 
Cavity of the Box P (Fg. 2.) 

To prevent the Tube trom breaking, the Ends L, L, of the Box 
Cylinders (Fig. 3, and p.) together with the intermediate Tube, are 
applied to the wooden Ruler » 7 (Fig. 1.) whoſe lower End n 
has the Piece of Iron LP B Q fixed to it; the End L (Fig. 5.) 
of the Box Cylinder anſwers to the End M, of the Ruler MN 
(Fzg. 6.) in which Situation the thicker part I of the Cylinder 
(Fig. 5.) anſwers to I (Fig. 6.) and the Screw Q preſſes the Cylin- 
der BD at o (Fig. 5.) and faſtens it to the Cylinder LI. 

All the Parts of the Machine may be ſeen joined at (Fig. 1.) 
Quickſilver being poured into the Veſſel p, ſpouts out of the Hole 
g, (Fig. 5.) When the Mercury is at the ſame Height in the 
Box, and you do not vary the Inclination of the Piece 1 m, the 


385 


Mercury ſpouts with the ſame Celerity in any Direction *; but the 1574. 


Inclination of the Direction may be varied by moving the Handle 
ea EA in Fig. 5. The Angle that the Direction, in which the 
Mercury goes out of the Hole, makes with the Horizon, may be 
meaſured by help of the Quadrant of the divided Circle 9, along 
which the Index f þ is moveable, which by its Weight is al- 
ways kept in a vertical Poſition, This Quadrant may be ſeen in 
Fig. 7. with its Index F H. It has two Rings behind, to receive 
the Handle E A, Fig. 5. When this Handle is vertical, the In- 
dex is againſt the 4 ch Degree, and the Direction of the Motion 
of the Mercury, which ſpouts out then, makes an half Right-Angle 
with the Horizon. 

In Fig. 1. the Jets of Mercury in ſeveral Directions are repreſent- 
ed: They become the more viſible by help of a wooden Plane G 
painted black, which the Mercury in its Motion does almoſt touch: 
upon this Plane muſt be drawn (what could not be repreſented here) 
the Ways which a Body (according to what is ſaid in N. 545.) 
runs thro', when it moves with the ſame Celerity according to Di- 

Vo I. I. > MMM.  rections 
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rections which make different Angles with the Horizon. Alſo 
the Semicircle A L (Fig. 5. Pl. 19.) muſt be drawn upon this 
Plane. 

There may be ſeveral other ſuch Planes, in which the fame 
Things are drawn, according to the different Celerities. 

This Plane ſtands upright near the middle of the Trough, and 
coheres with the Side E F H, ſo as to move backwards and forwards 
along the Trough. | 

The Celerity of the ſpouting Mercury is varied, as you change 
the Inclination of the Piece n m, and by lowering the Veſſel p, the 
Hole, through which the Mercury ſpouts, is ſet at an Height, 
anſwering to the loweſt Point drawn on the Plane. The Mercury 
will ſtop its ſpouting, when the Cavity 46 (Fig. 2.) is ſtopped 
with the Plug D E, Fig. 4. 


©, EXPERIMENT 4. 

The Parts of this Machine being joined and fixed together, ir: 
the manner above-deſcribed, incline the Piece 7 m, till the Height 
to which the Mercury ſpouts, when it afcends in a Dire ction al- 
moſt vertical, is nearly equal to the Diameter of the Semicrcle de- 
ſcribed on the Plane G. Let the Veſſel p be fixed at ſuch an 
Height, and the Plane G be fo placed that the Axis of the Circum- 
volution of the Cylinder BD (Fig. 5.) may anſwer to the loweſt 
Point of the Semicircle above-mentioned, Howſoever the Direc- 
tion of the Jet be inclined, its Amplitude will atways be near the 
Quadruple of the Line B M in the Semicircle, AB L, (PI. 19. 
Fig. 5.) There is a ſmall Difference, which chiefly ariſes from the 
Reſiſtance of the Air. | 


15 ExPTRIMENT 5. 

The Machine being diſpoſed as in the foregoing Experiment, if 
the Mercury ſpouts in two Directions, and the Inclination of one 
of them exceeds an half Right-Angle as much as the other is under 
it, the Mercury will cut the horizontal Line, which is drawn 
from the loweſt Point of the Semicrcle on the Plane G, in Points 
but a little diſtant from one another. 


| EXPERIMENT 6. | 
Every thing being diſpoſed as before, if the Way for any Di- 
rection of the Motion be drawn on the Plane, as was faid in the 
Deſcription of the Machine, and the Index F h agrees with the E 
pond viſion 
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viſion of the Quadrant denoting that Inclination, the Mercury in 
its Motion will nearly follow the Line drawn. If you draw the 


Ways for feveral Angles, by the Motion of the Handle ae, this ma 
be obſerv'd ſucceſſively in theſe different Ways. 
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EXPERIMENT 7. 


If another Plane as G be uſed, in which what is above-mention'd 1618. 
be drawn for another Celerity of the Mercury, the Experiments will 
ſucceed in the ſame Manner. 4 
By. the fame Method, as we do by a Semicircle determine the 
| Diſtance to which Bodies obliquely projected will fall, one may find 
the Diſtance to which a Fluid ſpouts out of the Side of a Veſſel, 
when the Veſſel is ſet upon an horizontal Plane; which Diſtance 
is different according to the different Height of the Hole, the up- 
per Surface of the Liquid remaining the ſame. 7 | 
Let A B be the Height of a Veſſel filld with a Fluid; let this 1619. 
Height be divided into two equal Parts at C; with the Center C Pl. LIV. 
and Diſtance C A deſcribe a Semicircle; let there be a Hole at E; Fis. + 
laſtly, let ED be drawn perpendicular to A B, and terminated in the 
Circumference of the Semicircle at D. Let the Fluid ſpout from E 
to F in the horizontal Plane, and the Diſtance B F, ſetting afide all 
Retardations, will be double the Perpendicular E D. 
Which will be demonſtrated, if we conſider, that the Fluid, 
with an equable Motion with the Celerity that it has coming out of 
the Hole, (in the Time that a Body can fall from E to B) runs 
thro' the Space B F #. In all Motion the Space run thro” follgws * 54:. 1587. 
the Ratio compounded of the Celerity and the Time +; and by + 120. 
multiplying this by that we have the Space run thro' : that is, if 
this Operation be made for different Motions, you will have ſuch 
Quantities as will expreſs the Proportion of the Spaces gone thro”. 
If you make the Computation with the Squares of the Celerities 
and the Times, you will have the Ratio of the Squares of the Spares 
gone thro'. A E here denotes the Square of the Celerity “; EB * 1586. 
the Square of the Time ; therefore the Product of thoſe Lines ex- + 374- 
preſſes the Square of the Space gone thro';B F. But that Product 
is the Square of the Line ED ||, which therefore, changing the K. 
Hole, encreaſes and diminiſhes in the ſame Ratio as the Diftance * 
BF. Suppoſe the Hole in the Center C; B G, the Diſtance to 
which the Fluid ſpouts, is equal to B A*; ſetting aſide all Re- 1583. 1685. 
tardations; and it is equal * ** Pecpendicithr, hieh at C 
2 may 


1620. 
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may be drawn to AB in the Semicircle, which therefore obtains in 
all Holes, and E, D will be the Half of B F. 


1621. Hence it follows that à Fluid, ſpouting from a Hole in the Center 


C, will go to the greateſt Diſtance poſſible. 


EXPERIMENT 8. 


1622. We muſt here make uſe of the Machine, deſcribed in the fore- 
Ph. LIV. going Chapter *. Let the Water ſpout out of the Hole F, as in 


Fig. 2. 
* 1584. 


the firſt Experiment of the ſeventh Chapter ; let it ſpout at the 
ſame time out of E, and out of G alſo ; the Hole G: is leſs than F 

but the Hole E is at a greater Diftance from the Surface of the 
Water, the Water ſpouts out of neither to the Diſtance, to which 
it ſpouts out of F. 2 | | 


1623. From what has been faid, it follows, That the Water Jſpouts:to the 


Pl.LIV. ſame Diſtance from the Holes Ee, equally diſtant from the Center C, 
"8.4 becauſe in that Caſe the Perpendiculars E D and e dare equal. 
6 EXPERIMENT 9. | 
1624. From F let there be conceived to be drawn an horizontal Line 


Plate LIV. . which goes tho H; H G and H E are equal, the Water will 


Fig. 2. 
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1626. In the Time in which a Body falling freely goes thro the Height of 


® 1583. 376. Lengtb to twice that Height *, ſetting afide the Retardations. 
1627. The Hole itſelf is the Baſe of the Column, and is given; if the 


of the Fluid is directed “; and ſetting afide the Retardations, the 


* 


ſpout out of each Hole G and E to L. 


SAA N 


Of determining the Quantity of a Fluid, flowing out of 
VDieſſels, and the Irregularities in this Motion. 


IHE Quantity of a Fluid, which in @ given Time flows out: 
F a given Hole, encreaſes in proportion to the Velocity of 
the Fluid going out; this Velocity depends upon the Height of the 
Fluid above the Hole, and it is no matter to what part the Motion 


Squares of the Qyantities flowing out are in the Ratio of the Heights 
of the Fluid above the Holes p... 


the Fluid above the Hole, a Column of the Fluid flows aut equal in 


Height of the Fluid above the Hole is known, the whole Column. 
TOE e ea R is. 
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is known; the Time alſo is eaſily determin'd by Experiments &; * 415 
but having found what Quantity flows out in a known Time, one 
may know what Quantity will flow out in a given Time. 


ut if we compare what is here demonſtrated * concerning the 1628. 


Quantity of the Fluid going out, with what is demonſtrated con- 1626. 


cerning the Preſſure of Fluids +, ſomething like a Paradox will fol- + 1431. 
low, tho' that be deduced from this. The Preſſure, which com- Pl. LIV. 


municates Motion to the Fluid going out of c d, is equal to the dig 1. 


Weight of the Column c n; as we have ſeen above“. If this“ 377. 


Column were incloſed in a Tube, and ſhould fall by its own Weight 
only, like a ſolid Body, it would be driven downwards by this ſame 
Preſſure. Let theſe two equal Preſſures act during the Time, in 
which a Body falls the Height d; to the Pillar c this Preſſure 
will communicate a Velocity, whereby that Preſſure drives out the 


Fluid *. The Velocities, and Times are equal ; but the Matter“ 1583. 
moved in the laſt Caſe is double . And therefore the whole Ef- + 1626. 


fe& is double. 


We deduce this Difference from what is obſerved above. If the 1029. 


Column c n ſhould act above, that would not be the Motion 
which really obtains + ; but the lateral Preſſure is to be added, that + 1577. 
the Preſſure mention'd may be continued without Intermiſſion upon 
the Fluid, which goes out ||. This is the Action, which drives on || 1578- 
the moving Cauſe, and without the Help of which this cannot pro- 
duce its Effect ; therefore that is to be Abe to this, that we 
may have the whole Cauſe, which exerts the Effect *, and of * 706. 
which this follows the Proportion. | 

In the firſt Moment only the Weight of the Column cn acts; 
but immediately after the lateral Preſſure acts, which I ſhall call 
the aſſiſtant Cauſe, by whoſe help the firſt Cauſe is preſerved in the 
ſame State; therefore as much as this Cauſe would loſe in acting, is 
ſupplied by the aſſiſtant Cauſe : but it would loſe in proportion to its 
Effect; therefore the Action of the aſſiſtant Cauſe is equal to the 
Effect which the firſt Cauſe, if it ſhould act alone, would produce. 
Therefore whilſt they act together, the Effect is double; but this 
is that which was to be illuſtrated. 


But the Quantity of the Fluid, which we diſcover by the Com- 1630. 
putation mention'd “, does very ſenſibly exceed that, which really“ 1627. 
goes out; and what is very remarkable, The Experiments relating 1 631. 


ro tbe Velocities, and thoſe, in which the Quantities of Fluids, flowing 
out of Holes in a certain. Time, are immediately meaſured, are not 
A} EN reciprocal ;, 


. 883, 
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reciprocal ; and this Quantity cannot be determin'd, from the known 
Velocity. | 

The chief Cauſe of this Difference is the Irregularity of the Mo- 
tion, fpoken of above * ; and which, though it be chiefly obſerved 
in great Holes, yet takes place in all ; by this Irregularity the flow- 
ing out of the Water is hinder'd more, than its Velocity is di- 
miniſhed : The Baſe of the Column is leſs than the Surface of the 
Hole, as will be manifeſt, if the Column be meaſured at a fmall 
diſtance from the Hole. For this Reaſon, if the Water flows out 
through a ſhort Pipe, for Example, of about an Inch long, a 
greater Quantity will go out, than there would through a Hole of 
the ſame Breadth, when the Tube is taken away. 

There is alſo an Error in the Meaſure of the Velocity. The 
Fluid, which paſſes out near the Sides of the Hole, ſuffers a Fric- 
tion, and is retarded ; which that Fluid does not, which flows out 
of the Center of the Hole : this laſt indeed is retarded by the lateral 
Fluid to which it adheres ; but the Parts of a Fluid are eaſily mov'd 
amongſt one another, and this Retardation is ſmall in reſpect of the 
other; therefore alſo the Fluid is but little accelerated by the la- 
teral Action of that, which flows out through the middle of the 
Hole, and this continually moves faſter than that; yet the lateral 
Fluid is not ſeparated from the middle Fluid. For though the Parts 
of Fluids are eaſily mov'd amongſt one another, . they are ſeparated 
from one another with difficulty : therefore the middle Fluid, by 
its continual Efflux, carries the lateral Fluid with it, which tho' it 
moves ſlower, yet comes to the ſame Diſtance, or Height, with 
the middle Fluid. | 

But we can only judge of the Velocity from the Diſtance, or 
Height ; but the Velocity, which is thus determin'd, wants a little 
of the Velocity, with which, the Fluid goes out of the middle of 
the Hole, becauſe this in its whole Motion is retarded by the la- 
teral Fluid, and other Cauſes. But this Velocity very much exceeds 


the Velocity of the lateral Fluid, as follows from what has been 


faid ; if any one therefore attributes the Velocity meaſured to the 
whole Fluid that runs out, he will determine a greater Quantity of 
the Fluid to run out in a certain Time, than what really does; but 


he will exceed the Truth leſs, than if he ſets aſide all the Retarda- 
tions in determining the Velocity, and makes his Computation ac- 


cording to the Rule deliver'd in N. 1626. 
But it appears by Experiments, that the Quantities of Water flow- 
ing out of equal Holes, in a certain Time, it the Water be 3 
throug 


4 
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through wide Pipes, and goes out through a Hole in a Plate, are 
in a Ratio little arffering from the ſubduplicate Ratio of the Height 
of the Water above the Hole : but as this Ratio can only take place 
very nearly, when the Heights differ very much, the Rule can be 
of no uſe. x 

When Computations ſhall be to be made concerning the Quan- 1636. 
| tity of Water, which flows out of a given Hole, the Height of the | 
ö Water above the Hole remaining the ſame, the Table underneath | 
4 will be of uſe, which is not to be lengthen'd out to greater or leſs 


1 Heights. Upon what Experiment this depends, and what was to 
75 be obſerv'd in the Calculation of it, I ſhall ſhew in the Scholium 
4} annex'd to this Chapter. 


—_— — ED - 


Y I ſuppoſe the Water to flow out of a circular Hole, of the Dia- 1637. 
$ meter of half a Rhinland Inch; the Feet mention'd here are Rhin- | 
land Feet. | 
| The Time in wich a The Tire in which a 
124 The Height of Cylind ic Fot of The Height of Cy'mdric Fut of 
the Mate-. Water runs ot, _theWarer, Mater runs out, 
4 Feet - - 52, 16 Min. 8. 13 Feet - 28,94 Min. 8. | 
Gg===== 46,66 14 — = 27,88 
33 B 20,94 
7 2 39,43 16 - = = = = 26,08 
8 ———— 36,89 17 ——— 25, 30 | 
abs 3470 . 24,59 
IO = === = 32,99 000 | 
I1---- = 21,55 3 23533 | 
I2 - - - =. 30, 12 21141 22571 


Tf the Holes are different, and the Height remains the fame, the 1628. | 
Quantity f the Fluid, which runs out in a certain Time, follws the 
Ratio of the Hole, if in all Points of the Hole the Fluid be carried | 
with equal Velocity; which though it does not obtain, yet it ap- | 
pears by Experiments made with Water, that the Quantities, which. 
really go out, differ but little from the Ratio mention'd. | 

Cæteris paribus, it is manifeſt that the Qyantities which flow out, 1 639: 
are as the Times: therefore in general theſe Quantities are 7 a 
Ratio compounded of the Times, the Holes *, and the ſquare Roots of » 16,3. 
the Height of the Fluid above the Holes F. + 1635. | 

In Veſſels which are not ſupplied by the flowing in of the 1640. 
Fluid, the Celerity of the Fluid flowing out 1s continually changed; 


to. 
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to which Regard muſt be had, when you compare together the 
Times in which different Veſſels are emptied. 8 

Here we conſider cylindric Veſſels; and what is here ſaid may 
be applied to any Veſſels that are of the ſame Bigneſs from Top to 
Bottom; we ſuppoſe the Fluid to flow out from a Hole in the 


Bottom. 


The Times in which cylindric Veſſels of the ſame Diameter and 
Height are emptied, the Liquid flowing from unegal Holes, are t5 
each other inverſely as thoſe Holes. 

Let us ſuppoſe theſe Veſſels divided into very ſmall equal Parts, 
by Planes parallel to their Baſe; and the Diviſions of each Veſ- 
ſel not to differ from one another : when we conſider the ſmalleſt 
Parts, one may ſuppoſe that the Celerity is not changed in the 
emptying of one Part. The Quantity of a Fluid which flows from 
a Hole, if the Height is not changed, encreaſes with the Hole, and 
a certain Quantity of a Fluid is emptied in ſo much ſhorter Time, 
as the Hole is greater; and this Time is diminiſh'd in the Ratio, in 
which the Hole is encreaſed. Whilſt the correſpondent Parts in 
the Veſſels are emptied, the Heights are equal; alſo the Parts 
themſelves, and therefore the Quantities of the Fluid, flowing out, 
are equal; therefore the Times are in an inverſe Ratio of the Holes; 
which, as it happens in all the correſpondent Parts, muſt alſo be 
referr'd to the Times of the whole Emptyings of the Veſſels *. 

When the cylindric Veſſels are unequal, and equally high, they are 
emptied through equal Holes, in Times that are to one another as the 
Baſes of the Cylinders. Let the Veſſels again be ſuppoſed to be di- 
vided into very ſmall Parts, and equal in Number in each Veſſel, 
in ſuch manner that the correſpondent Parts may have equal 
Heights, and may therefore be at equal Diſtance from the Bottom. 
When the correſpondent Parts are emptied, the Fluid flows out of 
both Veſſels, through equal Holes, and with equal Velocittes ; 
therefore the Quantities that flow out are as the Times ; and con- 
ſequently the correſpondent Parts themſelves are in that Ratio of the 
Times, which are as the Baſes of the Cylinders : But the Times 
of the whole Emptyings are as the Times in which the correſpon- 

dent Parts are emptied &. Be | 

Laſtly, Let there be two cylindric Veſſels EI, A D, whoſe Baſes 

are equal, but their Heights different, tor Example, as 1 to 4, and 
let them be emptied through equal Holes. Let theſe alſo be conceiv'd 
to be divided into very ſmall Parts, ſuch as H 7, Cd, by Planes pa- 
rallel to the Baſe; and let the Number of theſe Parts be equal in 


each 
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each Veſlel ; and let thoſe Parts be to one another as the Veſſels, 

that is, as 1 to 4. All the Parts are emptied by an equable Mo- 

tion, becauſe the Parts are very ſmall ; the Celerities in the 
correſpondent Parts are every where as 1 to 2 * becauſe the * 1386. 
Heights of thoſe Parts above the Baſes are as the Heights of 
the Veſſels, which are as the Squares of thoſe Numbers. Whence 

it follows, that the Times, in which corre ſpondent Parts are emp- 
tied, are to one another, as 1 to 2; becauſe in twice the Time 
with a double Celerity, a quadruple Quantity is emptied. But as 
the Times are in the ſame Ratio for each correſpondent Part, the 
Times in which the whole Veſſels are emptied are alſo, as 1 to 
2*, If the Veſſels are as 1 to 9, the Times will be, by a like . 
Demonſtration, as 4 to 3; and in general the Times are as the 
Celerities in which correſpondent Parts are emptied, the Squares 


of whoſe Celerities ' are as the Heights of the Veſſels * in which 1586. 
Ratio alſo are the Squares of the Times. 4 


El. 5, 


EXPERIMENT 1. 


There are three Cylindric Veſſels A, C, B of thin Metal, hav- 1 
ing equal Diameters, and whoſe Heights are, as 1, 4, and 4; Fig. 1, 2. 
each of them has a Lip in the Top to let the Water run out when 
1t comes to a certain Height, which Lip muſt be reckoned the 
Top of the Veſſel; in the Bottom of the Veſſels A and B, which 
are as 1 to 4, there are equal Holes, and they are filled with Wa- 
ter; the Holes are opened in the fame Moment; if the Water run- 
ning out of B be received in. the Veſſel C, it will be filled in the 
ſame. Time that A is emptied, C contains three quarters of the 
Veſſel B; the Quarter which is left will alſo be emptied in the 
ſame Time as the Veſſel A, which is evident to Senſe ; therefore 
A is emptied twice, whilſt B is emptied once. | 

The Times in which any cylindric Veſſels are emptied, are in @ 1645. 
Ratio compounded of the Baſes *, of the ſquare Roots of the Height Þ, * 1642. 

and of the inverſe Ratio of the Holes |. ] 1 : 472 

The cylindric Veſſel may be fo divided, that the Parts intercepted 1646. 

between the Divifions ſhall be emptied in equal Times, abi ch will hap- Plate LIV 

pen if the Diſtances of the Divifions from the Baſe be as the Squares Fig. 6. 

of the natural Numbers; for the Times of the Emptyings of the 

Veſſels, whoſe Heights are in that Proportion, are as the natural : 

Numbers *, and the Differences of the Times are equal. © plac; 

The Time in which a cylindric Veſſel is emptied, is as the Ce- 1647. 

lerity with which the Fluid begins to run out *; therefore the Ce- 5778. 7435) 
YoL. 1 | Ee e lerity, 
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lerity, while the Fluid deſcends in the Veſſel, is diminiſhed in the 

fame Ratio as the Time of the emptying of the Fluid remaining 
in the Veſſel, and the Motion of a Fluid running out of a cylindric 
Veſſel, is equally retarded in equal Times. | 

if thro' equal Holes a Fluid runs out of a Cylinder, and out ; 
another Ve Mi of the ſame Height (and in which the Fluid is ahuays 
ſupplied fo as to be kept at the ſame Height) in the Time in which 
the Cylinder is emptied, there runs out twice as much Water from 
the other Veſſel as from the Cylinder. For, becauſe of the equal 
Heights of the Veſſels, the Celerities in the Beginning are equal, 
the Celerity of the Fluid, which comes out of the Veſſel that is 
always kept filled, is equable ; the Celerity of the Fluid, which 
runs out of the Cylinder is equably retarded . Therefore whilſt 
the Cylinder is emptying, there will flow twice as much Water 
-out of the Veſſel as out of the Cylinder. For if two Bodies are 
driven with the ſame Celerity, and the firſt goes with an equable 
Motion, and the ſecond with a Motion equally retarded, and they 
move till this has loſt all its Motion, the firſt in that Time will 
run double the Space of the ſecond “; here the Fluid that runs 
out may be looked upon as the Space gone thro', becauſe the 
Holes are equal. 

We have obſerved above, that the Coheſion of Parts retards the 
Motion of Fluids, we alſo obſerve the contrary in many Caſes ; 
and tho' the Velocity, ariſing from the Preſſure, is the ſame every 
way, yet a Fluid is moved faſteſt, when it deſcends vertically; 
this, in its Motion, is continually accelerated by falling, adhering 


to the following Fluid, and drawing it along with it, it encreaſes 
the Velocity of the Fluid, flowing out of the Veſſel. 


1652. 
Plate LV. 
Fig. 3. 


1653. 


1654. 


The Motion out of a Veſſel, whoſe lower End has a Tube joined 
to it, is accelerated much more. Let E be ſuch a Veſſel, faſten'd 


to the Tube c, both of whoſe Orifices we pore equal. 


It immediately appears, that there cannot flow out thro' the 
Orifice of the Tube a greater Quantity of the Fluid, than what 
enters'in thro' the upper Orifice ; but to determine the Force, 
and, this being given, the Velocity, with which the Fluid comes 
into this Orifice, we muſt deliver the Cauſes, by which the Fluid 
is brought in. 1 6 
By the Preſſure of the ſuperincumbent Fluid, the Particles go. 
ing out of the Veſſel, and into the Tube, there is communicated 
a Force, which they would each acquire, in filling from the Height 
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a þ *, but moreover theſe are alſo drawn downwards by the Weight 
of the Pillar contain'd in the Tube. 

The Parts of the Fluid do not only cohere together in ſuch 
manner, that all of them, which are in the Tube, make as it 
were one Body, but they alſo adhere to the Tube itſelf » for 
which Reaſon this remains fill'd with a continuous Fluid; and by 
reaſon of the Equality of the Orifices, it goes out of the Tube 
with the ſame Velocity, that it comes into it, and there is 
no Acceleration in the whole Deſcent along þ c. But this is hin- 
der'd by the re- action of the Particles, which are accelerated in 
their Entrance into the Tube by the Action of the lower Particles. 

The Particles whilſt they deſcend thro' the whole Length of 
the Tube, continually act by their whole Weight; the Effect of 
the Preſſure, its Intenſity, and the Space paſſed thro' remaining the 


ſame, is always the fame * ; therefore this Action of the Particles is * 


equal to the Force, which Gravity can communicate to them in 
the Deſcent thro' c; which Force is always the ſame, whether 
the Particles run thro” this Space faſter or ſlower *. 

Now if we conſider the whole acting Force, during any Time 
whatſoever of the Efflux, we have firſt the Force which the Par- 


ticles would acquire in falling the Height a þ * ; we have beſides * 16;4. 
the Force, which they would acquire in falling the Height b c +; + 16;5. 


which together are equal to the Force acquir'd in falling both 


Heights join'd together “, namely the Height @ c. All the Par- . ;;4. 


ticles flowing out act with a like Force, before they go out of 
the Tube; and this whole Action is conſum'd in communicating 
Motion to theſe Particles; and is equal to the Force communi- 


cated x. Therefore, as all the Particles go out with the fame Ve- *7co. 


locity, that the Effect may be equal to the Action, they all ne- 
ceſſarily go out with that Force and Velocity, which they would 
acquire in falling the Height @ c; and with this Velocity at 5 
they go into the Tube. The Velocity is diminiſh'd by the Fric- 
tion againſt the ſides of the Tube, oftentimes but a little. But 
it is diminiſh'd more, if the Height 4 6 be leſs in reſpect of the 
Length of the Tube; alſo if the Tube be narrower, or longer. 


| EXPERIMENT 2. 
The Veſſel E is equal and ſimilar to the Veſſel A, Fig. 1. and 


1657; 
with its Tube is of the ſame height as the Veſſel B, Fig. 2. pi. 8 
The two Orifices of the Tubes are equal to one another, and to Fig: 4 


the Holes in the Bottoms of the Veſſels A and B; that is, their 
TT on om TY Diameters 
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Diameters are equal to the third part of an Inch. Fill the Veſ. 
ſels Band E with Water; and open the Holes at the ſame Time. 
and the Surface of Water at B will deſcend faſter than at E: But 
the Difference is but ſmall. | 


Let the upper Hole of the Tube, by which it communicates with, 
the Veſſel, as alſo its Length, remain as before; and the lnwer 
Hole be open'd wider ; then a greater Quantity of Water will flow 
out, and the Water which. goes into the Tube, will be more ac- 
celerated. In this Caſe thro”. the upper Hole of the Tube, there 
flows out a greater Quantity of Water, than from an equal Hole 
four times the depth. 1 8 ING 
If to this Caſe we apply the Reaſoning, which was applied to 
the foregoing Caſe ; it will be manifeſt that, ſetting aſide the 
Cauſes of the Retardation, all the Particles have that Force, be- 
fore they go out, which they can acquire in falling the Height 
a c; and that therefore they go out of the lower Orifice, with that 
Velocity, which a Body can acquire, in falling this Height, Whilſt 
the Particles go into the Tube thro' the upper Orifice, they are 
carried with a greater Velocity, and the Force of each exceeds that, 
which we have mention'd ; but they loſe this again whilſt they 
draw the following Particles into the Tube, and communicate to 
them a like greater Velocity, which theſe alſo immediately loſe. 
The Force, with which we affirm'd the Particles to go out of 
the lower Orifice, is that, whoſe Effect remains, when the Par- 
ticles have reach'd the lower Orifice, and this only is to be con- 
ſider d here. The Quantity which goes out, ſetting aſide the Fric- 
tion, is that, which, if the Height of the Veſſel were à c, and 
its Capacity remain'd the ſame, would run out of a Hole in the 
Bottom, equal to the lower Orifice of the Tube; namely, if the 
Tube ſhould always remain full; which will always happen, when 
the lower Orifice of the Tube does not very much exceed the up- 
per : but how far that may exceed this, depends upon the Cohe- 
lion of the Parts of the Fluid. 


EXPERIMENT 3. 


The Veſſel F no way differs from the Veſſel E (Fig. 4.) but 
in having the lower Hole of its Tube bigger; and comparing to- 
gether F, E and B (Hg. 2.) the Diameters of the three Veſſels 
are equal, and the Holes in the Bottom are equal, namely of the 
Diameter of four Lines, that is, a third part of an- Inch; but the 
lower Hole c of the Tube, joined to the Veſſel F, is five 2 
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Fill with Water the Veſſels F and B; if the Water flows out of 
both Veſſels in the fame Time, the Surface of the Water will 
deſcend faſter in the Veſſel F than in B. The Veſſel B is about 
16 Inches high. 

To theſe Experiments I ſhall ſubjoin two other remarkable ones 


concerning the Coheſion of Parts, whereby the Effect of this Co- 
heſion are illuſtrated. 


EXPERIMENT 4. 


The two equal Syringes A, B, are by Screws join'd to the two 1661. 
Tubes E da, F d b, which are faſten'd together; the Axes of Pl. LV. F. 6. 
theſe Tubes are in the ſame Plane, and cut one another at Right 
Angles, and the Tubes meet at d. 

The Syringe A is fill'd with Water ting'd with Red, or any 
other Colour; B is fill'd with common Water, the Piſtons are 
joined by the Plate L, which is faſten'd by Screws. If the Piſtons 
be thruſt down together, the ting'd Water follows the Way E d b, 
the other the Way Fd; and there is ſcarce any ſenſible Mixture 
of the Waters, whilſt they croſs one another at d, and go in curve 
Lines. | | 


EXPERIMENT x. 


This Experiment differs from the foregoing one only in one Cir- 1662. 
cumſtance, but the Effect is quite different. The Axes of the pj, Lv. F. 7. 
Tubes E da, F db, are not in the ſame Plane, but the Axis of 
the one does as it were touch the Cavity of the other in ſuch 
manner, that the Tubes are only join'd together in part at cd. The 
Piſtons being now thruſt in, the colour'd Water, which in part 
paſſes freely thro' E d a, draws all the other colour'd Water along 
with it; whilſt the pure Water is in the ſame manner carried thro' 

F 4 b; they being ſcarce ſenſibly mix'd, tho' the Waters paſs thro' 
by one another at d. | | 

This Experiment led the celebrated Author into an Error, who 166 z. 
made this Experiment, when he intended to try the foregoing one, 
and he drew a Concluſion contrary to both Experiments; namely, 
that the Particles of a Fluid continue their way freely, without 
any mixture between the Particles of another Fluid, tho' this laſt 
Fluid moves in a different Direction. 


* 


 SCHOLIUM. 
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SCHOEIUM. 


Said that I would in this Scholium deliver the Experiment from 
_— KE. the * how the Table N. 1637. was calculated. 
1664. ariotte from an Experiment, many times repeated, the neceſſary 
, Cautions being obſerved, found that oa of a Hole, whoſe Diameter 
was + of an Inch, the Water being kept 13 Feet above it, there flowed 
each Time, in one Minute, 28 Pints, 70 of which make a Cubic Foot. 
I ſpeak here of the French Foot, which is to the Rhineland Foot, as 144 
tO 139. | x 

This Experiment being grven, we muſt diſcover in what Time a cylindric 
Foot can run out thro? a Hole of an half Inch Diameter, ſuppoſing the 
* ＋ o- the Water 13 Foot above this alſo, the Rhineland Meaſure 
being uſed, | 

1665. The Time, in which a certain Quantity of Water runs out, is the 
ſhorter, the greater the Quantity is, that runs out in a determined Time; 
therefore the Times are inverſely as theſe Quantities, which, ceteris paribus, 

* 1635, are in a fub- duplicate Ratio of the Heights “. 

The Times are alſo the ſhorter, the greater the Holes are; that is, 
other Things being equal, they are in an inverſe Ratio of the Squares of 
the Diameters of the Holes. 

Laſtly, ceteris paribus, the Times are directly as the Quantities that 
run our. x 

In the Experiment made by Mariotte, the Height of thirteen French 
Feet is to the Height of ſo many Rhineland Feet, in the Caſe of which 
we are ſpeaking, as 174 to 139. 

The Squares of the Diameters of the Holes are as 1 to 4, and as 
144 to 139 

The Quantities of Water are, as 28 Pints to a Rhineland Cylindric 
Foot; which Quantities are in a Ratio compounded, of the Ratio of 28 
to 70 or 14 to 35; that is, of the Quantity which flowed out to a French 
Cubic Foot, and the Ratio of a French Cubic Foot to the Rhineland Cubic 
Foot, as alſo of the Ratio of a Cubic Foot to a Cylindric Foot, or of 
452 to 355. . 8 

Therefore the Time of one Minute, or 60 Seconds, is to the Time 
ſought, in a Ratio compounded of theſe fix Ratios, of / 139 to 144, 


— — — — 
4 to 1, 139 co I44 > 14 to 35, 144 to 139, and 452 to 355. | 
The firſt, third, and fifth, are reduced to the Ratio of / 144. to / 1393 
1666. and 60 Seconds are to the Time ſought, as 4* 14 %-452 X12 45 0 1X 35X355 
- x 139. which Time is found to be 28,04 Seconds. Which Time being, 
2 the other Things, which are obſerved in the Table N. 1637. are 
ages of N Numbers which are in an inverſe ſub- duplicate Ratio 

icchts 
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Chap. 10. of Natural Philoſophy. 


GA 
Of the Running of Rivers. 


DEFINITION r. 


HE Water that runs by its own Gravity, in a Channel 
open above, is called a River. 


DERFINITION 2. 


A River ts ſaid to remain in the ſame State, or 10 be in a per- 


manent State, when it flows uniformly, ſo as to be always at the 
fame Height in the ſame Place. . 


DEFINITION 3. 


A Plane, which cutting a River is perpendicular to the Bottom, 
and to the Direction of the Motion of the Water, is called the 
Section of a River. 

When a River is terminated by flat Sides parallel to each other, 
and perpendicular to the Horizon, and the Bottom alſo is a Plane 
either horizontal or inclined, the Section of the River with theſe 
three Planes makes Right Angles, and is a Parallelogram. 

In every River that is in a permanent State, the ſame Quantity 
of Water flows in the ſame Time thro every Section. For unleſs 
there be in every Place as great a Supply of Water, as what runs 
from it, the River will not remain in the ſame State. And this 
Demonſtration will hold good, whatever be the Irregularity of the 
Bed or Channel, from which in another reſpe&, ſeveral Changes 
in the Motion of the River ariſe; as, for Example, a greater 
Friction in proportion to the greater Inequality of the Channel, 

The Irregularities in the Motion of a River may be infinitely 
varied, and Rules cannot be given to ſettle them: Therefore ſet- 


ting aſide all Irregularities, we muſt firſt examine the Courſe of 


Rivers; for unleſs the Laws of Motion be known in that Caſe, 
we have no certain Foundation for determining any thing ; we 
muſt afterwards conſider what really happens in Rivers. 

We ſuppoſe the Water to run in a regular Channel, without 
any ſenſible Friction, and that the Channel is terminated with 
Plane Sides, that are parallel ta one another and vertical ; and alſo 
that the Bottom is a Plane, and inclined to the Horizon, 


Let 
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Plate LVI. Let AE be the Channel, into which the Water runs from a 
1 greater Receptacle or Head; and let the Water always remain at 
the ſame Height in the Head, ſo that the River may be in a 
permanent State, The Water deſcends along an inclin'd Plane, 
* 282, and is accelerated“; whereby, becauſe the ſame Quantity of Wa. 
1073. ter flows thro' every Section +, The Height of the Water, a; you re- 
+ 1079: cede from the Head of the River, is continually diminiſh d, and the 
Surface of the Water will acquire the Figure 95. 
1674. To determine the Velocity of the Water in different Places, let 
us ſuppoſe the Hollow of the Channel A B to be ſhut up with a 
Plane; if there be a Hole made in the Plane, the Water will 
ſpout the faſter thro' the Hole, as the Hole is more diſtant from 
* Surface of the Water Hi; and the Water will have the ſame 
Celerity that a Body, falling from the Surface of the Water to the 
* 1583, Depth of the Hole below it, would acquire * ; which ariſes from 
the Preſſure of the ſuper-incumbent Water. There is the ſame 
Preſſure, that is, the ſame moving Force, when the Obſtacle at 
AB is taken away; for we ſuppoſe the Receptacle ſo capacious, 
that in this Caſe the lateral Preſſure may act upon the Water, 
which enters into the Channel. 

Then every Particle of Water enters into the Channel, with the 
Celerity that a Body would acquire in falling from the Surface of 
the Water to the Depth of that Particle. This Particle is moved 
along in an inclin'd Plane in the Channel, with an accelerated Mo- 
tion; and that in the ſame manner, as if, in falling vertically, it 
had continued its Motion to the ſame Depth below the Surface at 

® 393- the Water in the Head of the River &. 

If you draw the horizontal Line it, the Particle at V will have 
the ſame Celerity as a Body falling the Length : B, and running 
along Br, can acquire ; which is the Celerity acquir'd by the 

393. Body in falling thro' r*. Therefore the Celerity of a Particle 
1675. may be every where meaſur d, drawing from it a Perpendicular 10 
. the horizontal Plane, which is conceiv'd to be drawn along the Sur- 
face of the Water in the Head of the River; and the Velocity, which 
a Body acquires in falling thro' that Perpendicular, will be the Cele- 
| rity of the Particle, which is greater the longer the Perpendicular 
1676. is; and it is not encreas d by the N of the ſuper-incumbent Wa- 
ter, which cannot encreaſe the Celerity of the Water, which has 
a greater from another Cauſe, than can ariſe from this Preſſure: 
in like manner, as a Body following another Body, cannot act 
upon that which goes befpre, with a greater Celerity. BOD 

| r 
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From any Point as , draw'r perpendicular to the Bottom of 1677. 
the River, which will meaſure the Height or Depth of the River; 
if this be continued upwards, ſo as to come to the Line 7 7 at ?; it 
plainly appears, that the Celerities of the Particles in the Line 25, 
are ſo much the leſs, the nearer they are to the Surface of the Ri- 
ver, and that the lower Water is mov d faſter than the upper Water. 1678. 
Yet the Celerities of thoſe Waters, as the River runs on, conti- 1679. 
nually approach nearer and nearer to an Equality. For the Squares 
of thoſe Celerities are as f tog, the Difference of which Lines, 1675. 374. 
as you recede from the Head of the River, is continually leſſen'd, 
becauſe of the Height r 5 *®, which is alſo eontinually diminiſh'd, * 1673. 
whilſt theſe Lines are lenghten' d. Now as this obtains in the 
Squares, it will much more obtain in the Celerities themſelves, whoſe 
Difference therefore is diminiſh'd as they encreaſe. 
If the Inclination of the Bottom be chang'd at the Head of 1680. 
the River, ſo as to become y Z, and à greater Quantity of Water 
flows into the Channel, it wall be higher every where in the River, 
but the Celerity of the Water is no where chang d. For this Celerity 
does not depend upon the Height of the Water in the River; 
but, as has been demonſtrated, upon the Diſtance of the moved 
Particle from the horizontal Plane of the Surface at the Head con- 
tinued over the ſaid Particle,, which Diſtance is meaſur'd by the 
Perpendicular f or sf; but theſe Lines are not chang'd by the 
Affux of Water, provided that the Water remains at the ſame 
Height in the Baſon or Head. 
Let the upper Part of the Channel be ſtopp' d up by an Obſtacle, as 1681. 
X, which deſcends a little way below the Surface of the Mater; the 
whole Water which comes cannot run through, therefore it muſt 
riſe up: but the Celerity of the Water below this Cataract is not 
encreas'd “; and the Water that comes on is continually heap'd * 1680. 
up, ſo that at laſt it muſt riſe ſo as to flow over. the Obſtacle or the 
Banks of the River. But zf tbe” Banks be rais'd, and the Obſtacle be 
continue, the Water would rife above the Line it; but, before that, 
the Celerity of the Water cannot be encreas'd : In which Caſe the 
Height of all the Water in the Head will be encreas'd ;. for, as we 
ſuppoſe the River in a permanent State, there muſt continually be as 
great a Supply of Water to the Head, as there now runs from it 
dawn the Channel; but, if leſs Water runs down, the Height muſt 
neceſſarily be encreas'd in the Head, till the Celerity of the Water 
flowing under the Qbſtacle be ſo much encreas'd, that the ſame 
W Cute; 
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Quantity of Water ſhall run under the Obſtacle, as uſed to run in 
the open Channel before. | | 

1682. All theſe Things, as we have already ſaid, if we abſtract from 
all the Irregularities, are true; and the leſs the Itregularities are, 
the more will the true Motions agree with what we have ſaid; or 
which, as alſo of the Changes which really happen in Rivers, I 
ſhall now ſpeak. 

1683. The Earth is ſpherical, and heavy Podies tend towards its Center; 

yet this Figure is not accurate, and the more depreſs'd Places are 
cover'd with Waters, which being collected make Seas and Lakes. 
In receding from theſe, the Surface of the Earth is rais'd up to a 
certain Height, and is again depreſs'd, towards other Seas, or 
Lakes. Beſides theſe Heights, which are extended a great way, 
by Mountains in many places, whether near to the Sea, or remote 
from it, there is caus'd a more ſenſible Inequality in the Surface of 
the Earth. | 

1H84. In many places upon the Surface of the Earth, eſpecially in 
mountainous Places, there are Springs of Water; the Water by its 
Gravity deſcends from the higher Places to the lower ; many Rivu- 
lets meet, and by continually deſcending, hollow the Surface of 
the Earth, and make a River, and to which frequently Water 
flows alſo, from neighbouring ſubterraneous Places, thro' imper- 
ceptible Paſſages ; and thus the River acquires Force in its Motion. 
The Water in its Deſcent often meets with Obſtacles, and turns 
aſide, and goes on in its Courſe, Hence ariſe the Inflexions of Ri- 
vers, The Water continuing to deſcend, at laſt reaches the Sea, 
and runs into it, often paſſing over a vaſt Tract of Land. 

158 5. The River, that reaches the Sca, in its whole Courſe, runs in 
the moſt depreſs d Places, and the Surface of the Earth is rais'd up 
in receding from it ſidewiſe; wherefore leſs Rivers on the right and 
left Hand, tend to the greater Rivers, as theſe do to the Sea. 

1686. It is certain, that the Channels of all Rivers were not at fir/t made 

hollow towards the Sea, by Nature in ſuch manner, as we have 
* 1684, explain'd it“; oftentimes Waters being collected together in a low 
Place, and endeavouring to break out in ſeveral Places, ſo as would 
be of detriment to the neighbouring Inhabitants, were brought 
thro' Channels, made by Men, to the lower Places, whence they 
might eaſily run out afterwards, and of themſelves continue their 

Channel, 

2687. From what has been faid it is manifeſt, that many Changes 
muſt have happen'd in Rivers in a long Courſe of Time, and 1 Is 

allo 
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alſo plain, that theſe Changes ought at length to ceaſe in many 
Rivers. | 

But to illuſtrate what belongs to this Subject, we muſt enquire 1688. 
what Cauſes may change the Velocity of 'a River, and what will 
follow from this Change of Velocity. 

We have ſeen that the Water in a River, as we recede from its 1689.- 
Head, is continually accelerated“; but this is only true, when we » 167;. 

{{t aſide the Retardations : but in all Rivers there are many Cauſes 
of Retardation, which always act contrary to the accelerating Force, 
and their Effects encreaſe, as the Velocity of the Water encreaſes. 
The Water 1s only accelerated,. as. long as the accelerating Gauſe 1690.. 
overcomes the Impediments. But when the Retardation is equal to the 16 91. 
Acceleration, the River flows with an equable Motion. If the Retar- | 
dation then encreaſes, from ſome new Cauſe, the Velocity is dimi- 

niſh'd.; and we ogfzentimes obſerve, that the Water in a River runs 1692. 
ſlowly, in a Place which is remote from the Head of the River, and 

to: which Place the Water could not come without running down 

from a great Height. 

In this Caſe what we faid before is not true, vig. that the Water 1693. 

in a River is not accelerated when its Height is encreas'd * , if for * 1680. |, 
Example the River runs four Feet in a Second, that is, if the. Wa- 

ter moves with that Velocity, which a Body acquires in. falling-from 
an Height of about three Feet, it will be accelerated, if the Sur-- 

face be rais'd four. Inches ;. as follows. from what 1s. explain'd 

above *; | | 164. 

Whence we deduce this Concluſion, that the Water is often ar- 1694..- 
celerated in a River that runs flvly, if a new Quantity of Water 
fltacis into it, or if the Channel be narrow'd ; for this raiſes the Sur- 

face, ſo as to encreaſe the Preſſure upon the lower Water. [48 

But we muſt not conclude that the Velocity is always-encreas'd, 1695. | 
when the Surface is rais'd ; for if there be not a ſufficient Height, | " 
it will not encreaſe the Velocity *; the Water will be rais'd, when * 107%. 

the Channel remains the ſame, . without an Addition of Water, if 
there ariſes any new retarding Cauſe *. 2910 7% 

In the River, which we confider'd before *, we ſuppos d the 1686. 
Bottom inclin'd to the Horizon; yet Water may be, mom d along an . 1 175 
horizontal Channel, if it deſcends into it from an higher Place. 1697. 
The Surface of the Water, ſeteing aſide the. Retardations, would 5 
be horizontal in that Chaimel, if it ſhould be ſ of the ſame Breadth 
every where; becauſe the Water would keep its Velocity. But 
the retarding Cauſes always diminiſh the Motion; therefore the - 

e Cs | Surface . 
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Surface becomes inclined ; it is higher at the Head of the Channel, 


than in any other Place, and the Height decreaſes as you go from 
the Head. | | | 

For the Preſſure at the Head of the Channel ſhould overcome 
the Reſiſtance along the whole Channel, becauſe there is no ac- 
celerating Force: and the Preſſure, in any other Place, ſtwuld only 
overcome the Reſiſtance along the remaining Part of the Channel. 
Let E F be the horizontal Bottom, the Water is higher at Ea 
than at Lb; becauſe at E à there is required an Encreaſe of the 
Action equal to the whole Reſiſtance, which is to be overcome 
between E and F, whereas at LS that Reſiſtance only is to be 
deftroyed, which obtains between L and F. 

But there cannot be a leſs Height in the River, towards F, un- 
leſs the Velocity be encreaſed &; wherefore a greater Difference be- 
tween the Heights E A and L 5 is required, than if only the Re- 
fiſtance were to be overcome. 

But /, in the Motion along an horizontal Channel, the Water 
moves very ſlowly, the Surface will be inclined a very little. 

We ſaid that Rivers made themſelves a Channel. If the Water 
paſſes over ſandy, or clayey Places, it continually wears away ſome 


of the Particles, and carries them along with it; Experience in- 


forms us, that Water hollows Stones themſelves, by a Motion con- 
tinued for a long time. It is very evident, that a// Rivers have 
undergone many Changes, before their Channels have acquired their 
due Magnitude ; but who can determine the Number of them ? 
It would indeed be of no uſe to enquire into them : it will be 
more uſeful to examine Rivers, as they now are, and thoſe 1n- 
deed, which run over ſandy or clayey Soils ; for ſcarce any thing 
ſenſible happens to them, when they run among Stones, till at- 
ter a long time. | 

The Water continually rubs off ſandy, or clayey Particles, and 
this Action is encreaſed, when the Velocity of the Water is en- 
creaſed ; whence it follows, that the Vater, in running along ſuch 
Places, becomes turbid, and by continually corroding the Channel, 
thruſts forward the Sand, This Sand continually falls by its own 
Weight; and, the Velocity of the Water continuing ſome Time, the 
Water becomes ſo turbid, that it lays daun as much Sand, as it 
raiſes in the ſame Time, 

If the Velocity be then encreaſed, it raiſes a greater Quantity 
than what falls by Gravity; if the Velocity be diminiſhed, the con- 
trary obtgins, os 5 

8 Beſides 
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Beſides the Velocity, two other Cauſes alſo, the Meigli of the 1506, 
Water, and its Impetus, encreaſe the Quantity of Sand, which is 

moved out of its Place. 


DEFINITION 4. 


We call that a regular River, the Matter of whoſe Channel is 1 707, 
equable ; whoſe Bottom is either eguably inclined, or horizontal ; and 
aohoſe parallel Sections would all be fimilar and equal, if the Water 
were every where at the ſame Height. | 
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DEFINITION 5. 


Me call that Line, which in all the Sections paſſes thro' the Point, wot 
in which the Velocity of the Water is greateſt, the Thread of the ag 
River. 

If the River be regular, the Thread is equally diſtant from | 
both Banks, by reaſon of the like Cauſes of Reſiſtance on either 7. 
Side; if the River be not regular, the Thread often comes nearer 
to one Bank than the other, neither does it keep a regular Courſe 
in reſpect of theſe. 

In & regular River the greateſt Corroſion is in the middle of the 1510. 
Bottom, for this Place anſwers to the greateſt Velocity, and its | 
Action is encreaſed by the Weight of the whole Water. 

The Sand is diſperſed towards the Sides, and there is a double |... 
Cauſe of the Change of the Figure of the Channel ; yet the River 1 25 
remains regular. But if the Water runs uniformly in ſuch a River, 
all Things will be fo ordered, that not only the Quantity of Sand 
that falls continually will be equal to that, which is raiſed ; but this 
will alſo obtain in every part of the Channel ; then the Changes 
will ceaſe. | | 

If there comes in new Water, the Corroſion is often encreaſed ®, 1712, 
but only in that Place, where this Encreaſe is; the lower Places * 95 
are not altered +. But in time theſe are altered alſo, if this En- 1 1704. 
creaſe be continually ſupplied uniformly; for when the firſt Place 
is ſo hollowed by the Corroſion, that the Velocity of the River 
in that Place is no longer encreaſed, the Encreaſe of Velocity 
is transferred to the next lower Place, which is hollowed alſo; 
thus the Corroſion is propagated ſucceſſively as far as the Sea, and 
it ceaſes, the Channel itſelf being every where encreaſed. 

We have conſidered a regular River, which moves in a Right 1713 

Line; but a River muſt not always be ranked among thoſe that 

are 
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1714. 


1715. 


Mathematical Elements Book III. 


make a very obtuſe Angle, as BC, CD, the Motion is often 
bent without any Corroſion; although this may ſeem to follow 
from the Impetus of the Water againſt A. By reaſon of the 
acute Angle, which the Bank makes with the Direction of the 
Water, its Action upon it is ſmall; the Water, deſcending along 
D, coheres to that which follows, and draws it along with it in 
its Deſcent, and takes it away from A, diminiſhes its Impetus, and 
often entirely deſtroys it; and this is the Caſe of which we are 
now ſpeaking. It ſometimes happens that there is a Corroſion, by 
which the Bank acquires a certain Figure, which being given, 
there 1s an Equilibrium between the Impetus of the Water and 
the Force, which takes away the Water ; in which Caſe the Cor- 
roſion of the Bank only laſts for a Time. 

If the River be irregular, it will be liable to many Changes. 
Such is a River, whoſe Banks are hollow in one Place, and pro- 


minent in another; whoſe Breadth is different in different Places; 


1716. 
H. LVI. F.4. 


in whoſe Bottom there are Inequalities; and laſtly, whoſe Direction 
alters too ſuddenly. 

Let us ſuppoſe a River AD; whoſe Bank is hollowed between 
A and C; this is the Conſequence of this Figure. The Velocity, 


by reaſon of the Friction, would be ſmall in the Line A C, if the 


Water moved along the Bank; but now, becauſe it is removed 
to B, the Velocity between A and C is greater, and the Water 
comes to the Angle C with a certain Impetus; which Thing would 


happen alſo, if there were only a Prominence of the Bank at C, 


1717. 


1718. 


® 1705. 


1719. 


® 1705. 
1720. 


and no Excavation at B. 

But it is a general Rule, that where the Water comes to the Bank 
with a certain Impetus, there it is moved in a Vortex, and ½ 
Bottom is hollowed ; therefore the Depth will be greater at C; there 


will alſo Be a like Excavation at D. 


From the unequal Breadth of the River in different Places, it 
follows that there will be Changes of the Velocity, whilſt tlie 
Water proceeds in its Courſe ; and that therefore it will continua 
ally move the Sand. from one Place to another *, and that tlie 
River will undergo continual Changes. 

The Inequalities in the Bottom retain the Water; whilſt it runs 


againſt them, the Velocity is diminiſhed; and the Sand is laid 


down in theſe Places * which encreaſes the Obſtacle ; and à ve/y 


ſmall Matter has often been the Origin of an Mund which bas ariſe! 


Part 
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in-a River, which has in itſelf been the Cauſe of greater Changes 1 

afterwards. | 
It plainly : ppears, that there can be no Inflexion in the Courſe of 1721. 

a River, without an Action againſt the oppolite Bank, as F; 

which Action indeed is ſometimes taken away, if the Angle of In- 

flexion be very obtuſe *, but not if it be a right or an acute Angle. 1713. 
When there is a Corroſion in any Part of the Bank, the Thread 

approaches nearer to this Bank ; the Motion towards the oppoſite 


Bank is retarded, the Sand is laid down *, and there is an Inunda- | 


1722. 


l. 
tion cauſed. 


From all this it is manifeſt, that there may be ſuch Changes in 1723. 
a River, as may make is change its Channel, by corroding the Bank 
in ſome particular Place in ſuch manner, as to open itſelf a way to 
the lower Places; and the Fate of the old Channel will depend 
upon the Velocity, with which the Water thall penetrate into tRis 
Place, 

In this River, now divided, the Water is immediately retarded, 1724. 
and its Bottom is rais'd ; whereby the Channel is diminiſh'd : and 1725. 
thus it frequently happens that the Mouths of a River are multi- 
plied. And oftentimes, when there runs a great Quantity of Wa- 
ter into the new Channel, the old one is quite ſtopp'd up. | | 

With regard to their Mouths, Rivers are liable to other Changes 1726. 
alſo; there is continually a Change of Velocity at the Mouths of 
Rivers, as the Sea, by its Receſs or Acceſs, aſſiſts, or hinders the 
Efflux of the Water into the Sea. h nl 
In the Acceſs of the Sea the Velocity of a River is diminiſh'd, 1727. m" 
and the Sand falls down *; which, the Velocity being encreas'd in“ 805. | 
the Receſs, is again carried to the Sea; then the River is not al- 
ter'd, This takes place in Rivers, which have a ſufficient Quantity 
of Force to ſuſtain the Impetus of the returning Sea ; they are re- | 
tarded indeed, but they don't bend their Motion to a contrary | 
Part, | | 

But if the River has not ſo great Force, its Motion is too much 1728. 1 

retarded, and the Sand is heap'd up in a greater Quantity: in this | * 
| 
| 


caſe, before this Sand can be carried to the Sea, there continually 
flows thither from the higher Places a turbid Water, which lays , 
% AY Fo „ 1704. 

down as much Sand, as it takes up *, and what had fallen to the 
Pottom it there leaves; and thus the Bottom is continually rais'd. 

The continual Change of the Bottom mention'd is the Cauſe of the 1729- 1 
Dilatation of the Mouths, and the reaſon «hy Rivers often open to 1 
themſelves new Mouths, 


Yet 
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Yet this Change of the Bottom will not take place in a weaker 
River, which has a very wide Mouth: For then the Sea in its Re. 
eeſs not only carries back the Sand, which it brought, but that alſo 
which the River ſupplied in a ſmall Quantity. ; 
In Winter, the Snows are heap'd up upon the Mountains, and 
other high Places, from which Rivers run down, About the End 


of this Seaſon, and the Beginning of Spring, when the Snows are 


1732. 


1733. 


2734. 


wa 
Pate LV. 
Fig. 5 0 
og. 


1736. 


melted, the Surfaces of the Rivers are rais d, and run out of their 
Channels. The Water being mov'd faſter carries a greater Quan- 
tity of Sand along with it; but the Water, diſpers'd ſidewiſe be- 


vond the Banks, lays down the Sand; and thus every Year, tboſe 


Places are rais'd, which are aver flowed by River Waters in the 
Winter. 

There have been many ways invented by Men, to remove the 
Inconveniencies arifing from the Changes of Rivers. They have 
made Dams at the Sides of Rivers, to keep the Waters in their 
Channel, in Winter and Spring; the Event of which Caution was 
often this, that the Sand, which would have cover'd the Places. 
next to it, being now reſtrain'd, is. accumulated in particular Places 
from many Caufes, and often becomes the Cauſe of the greateſt In- 
conyeniencies in a length of Time. 

Dams are made in. the Channel itſelf to remove other Inconve- 
niencies ; I will ſhew their Effects, and thence it may eafily be de- 
duc'd in what Cafes they may be of ſervice. 

Let AB be fuch a Dam, plae'd obliquely,. that' its Direction 
may in part. conſpire with the Motion of the Water; by this Dam 
the Action of the Water is remov'd from the Bank C D, and is en- 
creas'd againſt the oppoſite Bank, which is hollow'd at E. The 
Water moves ſlowly at the Angle F, being hinder'd by the Dam; 
for this reaſon it lays down. its Sand *, which is continually accu- 
mulated in that Place. 5 

The Water, contain'd in the Angle &, is not at. reſt; that which: 
moves along B H, carries along with it the lateral Water, with 
which it coheres, and this is follow'd by that, which at the Angle 
adheres to the Dam.; and as, by the Motion of this Water, the 
Surface of the Water is depreſs'd at the Angle, the Water returns 
along the Bank with a contrary Motion. In this ſlower Motion the. 
Sand continually falls down, and at laſt fills up the Angle itſelf. 
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CHAP. XL 
Of the Motion of the Waves. 


HE Surface of the ſtagnant Water is plain, and parallel to r737 


the Horizon *; if it becomes hollow at A, upon any Ac. Plate LVII. 
» upo > 4 . 


count whatever, this Cavity is ſurrounded with the Elevation B B. * 


This rais'd Water deſcends by its Gravity, and, with the Celerity 
acquired in deſcending, it forms a new Cavity ; by which Mo- 
tions the Water aſcends at the Sides of this Cavity, and fills the 
Cavity A, whilſt there is a new Elevation towards C; and, when 
this laſt is depreſſed, the Water riſes anew towards the ſame Part ; 
whence there ariſes a Motion in the Surface of the Water, and a 
Cavity, which carries an Elevation before it, is mov'd from A 


towards C. 


DOEFINLTION:-T: 
This Cavity, with the Elevation next to it, is calld a Wave. 1738. 


DEFINITION 2. 


The Breadth of a Wave is the Space taken up by a Wave in the 1739 
Surface of the Water, and meaſur'd according to the Direction of : 
the Wave's Motion. 

The Cavity, as A, is encompaſs'd every way, with an Elevation, 
as was ſaid, and the Motion above-mention'd expands itſelf every 
way ; therefore the Waves are moved circularly. | 1740, 

Let A B be an Obſtacle againſt which the Wave, whoſe Begin- 1741. 


Plate LVII. 


ning is at C, does run; we muſt examine what Change the Wave pie, 
ſuffers in any Point, as E, when it is come to the Obſtacle in that 
Point. In all Places thro' which the Wave runs, whilſt it goes 
forward its whole Breadth, the Water is rais'd ; then a Cavity is 
form'd, which is again fill'd up, which Change while the Surface 

of the Water undergoes, its Particles go and come thro' a ſmall 
Space. The Direction of this Motion is along CE, and the Cele- 

rity may be repreſented by that Line; let this Motion be conceived 

to be reſolv'd into two other Motions along G E and D E, whoſe 
Celerities are reſpectively repreſented by thoſe Lines *. By the * 1155. 
Motion along D E the Particles do not act againſt the Obſtacle, 

and after the Stroke continue the Motion in that Direction, with 


Vo. I. G g g the 
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the ſame Celerity ; and this Motion is repreſented by E F 
ſuppoſing E F and E D to be equal to one another, by the Motion 
along G E the Particles come directly againſt the Obſtacle, and the 
Water which cannot. go forward beyond the Obſtacle, and is puſh'd 
on by that which follows it, yields that way where there is the 
leaſt Reſiſtance, that is, aſcends: And this Elevation, greater than 
in other Places, is caus'd by the Motion along G E, becauſe 'tis by 
that Motion alone that the Particles come againſt the Obſtacle. 
The Water, by its Deſcent, acquires the ſame Velocity with which 
it was rais'd ; and the Particles of Water are repell'd from the Ob- 


ſtacle with the ſame Force in the Direction E G, as that with 


which they came againſt the Obſtacle. From this Motion, and 
the Motion above-mention'd along E F, ariſes a Motion along E H, 
whole Celerity is expreſs'd by the Line E H, which is equal to the 
Line CE; and by the Reflexion the Celerity of the Wave is not 
chang'd, but it returns along E H in the ſame Manner, as if, tak- 
ing away the Obſtacle, it had mov'd along E H. 
Point C, C D be drawn perpendicular to the Obſtacle, and then 
produc'd, ſo that D c ſhall be equal to C D, the Line N E conti- 
nued will go through c; becauſe the Triangles C DE, c DE, agree 
in every thing. And as this Demonſtration holds good in all the 
Points of the Obſtacle, it follows that the reflected Wave has the 


ſame Figure on that fide of the Obſtacle, as it wou'd have had beyond 


the Obſtacle, if it had been taken away. If the Obſtacle be inclin'd 
to the Horizon, the Water riſes and deſcends upon it, and ſuffers a 
Friction, whereby the Reflexion of the Waves is diſturb'd, and often 
wholly deſtroy'd. This is the Reaſon why very often the Banks of 
Rivers do not reflect the Waves. 

When there is an Hole, as I, in an Obſtacle, as B L, the Part of 
the Wave which goes through the Hole, continues its Motion di- 
rely, and expands itſelf towards QQ, and there is a new Wave 


form'd, which moves in a Semicircle, whoſe Center is the Hoe. For 


the raiſed Part of the Wave, which firſt goes thro' the Hole, im- 


mediately flows down a little at the Side, and then by deſcending 


makes a Cavity, which is ſurrounded with an Elevation on every 


Part beyond the Hole, which moves every way in the ſame 


manner, as was faid concerning the Generation of the firſt Wave “. 

In the fame manner a Wave, to which an Obſtacle, as A O, 1s 
oppos'd, continues to move between O and N ; but expands itſelf 
towards R in a Part of a Circle, whoſe Center is not very far 
trom O. | 
55 Hence 


If from the 
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Hence we may eaſily deduce what muſt be the Motion of a 1746. 
Wave behind an Obſtacle, as MN. 


Waves are often produc d by the tremulous Motion of a Body, 1747. 
which alſo expand themſelves circularly, tho' the Body goes and 
comes in a right Line ; for the Water which is rais'd by the Agi- 
tation, deſcending, forms a Cavity, which is every where ſurrounded 
with a Riſing. 5 | 

Different Waves do not diſturb one another, when they move ac- 
cording to different Directions. The Reaſon of which E fect is, 
that whatever Figure the Surface of the Water has acquir'd by the 
Motion of the Waves, there may in that be an Elevation and a De- 
preſſion, as alſo ſuch a Motion as is requir'd in the Motion of the 
Waves. 

' Whoever has, with Attention, conſider'd the Motion of the 
Waves, will find that all theſe things agree with Experiments. 

To determine the Celerity of the Waves, another Motion, ana- pl. LvII. 
logous to their Motion, is to be examin'd, Let there be a Fluid in Fig. 3. 
the Recurve cylindric Tube E H, and let the Fluid in the Leg EF 1549. 
be higher than in the other Leg by the Diſtance I E; which Dif- 
ference is to be divided into two equal Parts at 7. The Fluid, by 
its Gravity, deſcends in the Leg E F, whilſt it aſcends equally in 
the Leg E H; and fo, when the Surface of. the Fluid is come to 
i, it is at the ſame Height in both Legs, and that is the only Po- 
ſition in which the Fluid can be at reſt: But, by the Celerity ac- 
quir'd by deſcending, it continues its Motion, and aſcends higher 
in the Tube G H, and in E F it is depreſs'd quite to /, except fo 
much as it is hinder'd by the Friction againſt the Sides of the 
Tube. The Fluid in the Tube G H, which is higher, alſo de- 


1748. 


till it has loſt all its Motion by the Friction 


co nw — 4c 4c w4a-i4afls 


The Quantity of the Matter to be mov'd is the whold Fluid in 
the Tube; the moving Force is the Weight of the Pillar / E; 
this preſſing Fluid is mov'd in the ſame manner as the reſt of 
the Fluid, and, in reſpect of this, is at reft ; therefore it acts upon 
the Fluid in motion as if it were at reſt, and preſſes the lower Fluid 
with its whole Weight“. But the Height of this preſſing Fluid , ;;r. 
is always double the Diſtance E 7 ; which Diſtance, therefore, en- | 
creaſes and diminiſhes in the ſame Ratio with- the moving Force. 
But the Diſtance E 7 is the Space to be run thro' by the Fluid, 
that from the Poſition E H, it may come to the Poſition of Ret; 
which Space therefore is always as the Force which continually 
G 38 2 acts 
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acts upon the Fluid, But we have demonſtrated that it is from a 
like Cauſe-that all the Vibrations of a Pendulum, oſcillating in a 
Cycloid, are perform'd in the ſame Time *; and therefore here 
alſo, whatever be the Inequality of the Agitations, the Fluid alia J's 
goes, or comes, in the ſame Time, 

The Time in which a Fluid, thus agitated, aſcends, or deſcends, i; 
the Time in which a Pendulum vibrates, whoſe Length, that is, the 
Diſtance between the Center of Oſcillation and Suſpenſion, 7s equal 
to half the Length of the Fluid in the Tube, or to half the Sum of 
the Lines EF, FG, G H. This Length is to be meaſur'd in the 
Axis of the Tube. 

Let ſuch a Pendulum vibrate in a Cycloid, in the manner ex- 
plain'd above x. Let the Pendulum P C and the Arc AD be of 
the ſame Length +; in the Point A the Direction of the Curve is 
perpendicular to the Horizon, and the Body endeavours to deſcend 
along the Curve with its whole Weight : But this Weight is to 
the Force acting upon the Body, plac'd at P, as A D, or PC, is to 
P Dj. Now let the Fluid be in ſuch a Poſition that 7 E may be 
equal to PD; the Weight of the whole Matter to be mov'd, that 
is, of the whole Fluid, is to the Weight / E (which is the Force 
acting upon the Fluid in that Poſition) as the Length of the Fluid 


in the Tub to the Line / E, in which Ratio alſo the Halves of 


thoſe Quantities are, that is, PC to P D. Therefore in the Pendu- 
lum the Weight of the Matter to be mov'd is to the Force acting 
upon it at P, as in the Tube, the Weight of the Matter to be 
mov'd is to the Force acting upon it in the Poſition EH. There- 
fore the pendulous Body and the Fluid, in this Caſe, are acted upon 
by equal Forces, and this always obtains where the Spaces run 
thro' by the Fluid in Agitation, and by the Body in Vibration, are 
equal; therefore, in this Caſe the Agitation and the Vibration are 
perform'd in the fame Time, and not only in this Caſe, but always ||. 
But, as the ſmall Vibrations in a Circle do not differ from the Vi- 
brations in a Cycloid, the Demonſtrations will agree to them alſo. 


EXPERIMENT. 


Take a Cylindric recurve Tube, as E F G ; let the Length of 
the Legs be one Foot, and the Bore of the Cylinder half an Inch ; 
our Mercury into this Tube, and having made a Pendulum, whoſe 
ah is equal to half the Length of the Cylinder of Mercury in 
the -Tube ; if the Mercury be agitated in the Tube, it will afcend 


and deſcend in the ſame Time as the Pendulum will go and * 
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To determine the Celerity of the Waves from what has been- 


ſaid, we muſt conſider ſeveral equal Waves that follow one ano- 
ther immediately, as A B, CD, E F, which move from A to- 
wards F, the Wave A B runs its Breadth, when the Cavity A is 
come to C; which cannot be, unleſs the Water at C aſcends to 
the Height of the Top of the Waves, and again deſcends to the 
Depth C; in which Motion the Water is not agitated ſenſibly be- 
low the Line Hi; therefore, this Motion agrees with the Motion 
in the Tube above-mention'd, and the Water aſcends and deſcends ; 


that is, the Wave goes through its Breadth, whilſt a Pendulum of 


the Length of half B C performs two Vibrations *, or whilſt a Pen- 
dulum of the Length B C D, that is four times as long as the firſt, 
performs one Vibration . 


41.3 
; Lyn. 


P 
Fig. 5. 


* 1750. 


+ 418. 


Therefore, the Celerity of a Wave depends upon the Length of 17 54. 


the Line B C D, which is greater, according as the Breadth of the 
Waves is greater, and as the Water deſcends deeper in the Motion 
of the Waves. | | 

In the broader Waves, which do not riſe high, ſuch a Line as 


B C D does not much differ from the Breadth of the Wave; and 


in that Caſe, a Wave runs through its Breadth, whilſt a Pendulum, 
equal to that Breadth, vibrates once, In every equal Motion, by 
multiplying the Time by the Celerity, you have the Space gone 
through *, whence it follows, that the Celerities of the Waves are as 
the ſquare Roots of their Breadths : For as the Times in which they 
go thro' their Breadths are in that Ratio +, the ſame Ratio is re- 
quir'd in their Celerities, that the Products of the Times by their 
Celerities may be as the Breadth of the Waves, which are the 
Spaces gone thro”, 

All theſe things muſt be only look'd upon as nearly true, be- 
cauſe the Motion of the Waves differs fomething from the Motion 


in the Tube; which Error is in part taken off, becauſe the Length- 


of the Pendulum is meaſur'd along the inclin'd Lines BC and CD. 
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or depreſs'd, and kept horizontal. 
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BOOK III. 


Parr III. Of the Actions of Fluids in 
Motion, and their Reſiſtances. 


* 


CHAP. XII 
Of the Impetus of Fluids in Motion. 


N the laſt Chapter but one we took notice of ſome things re- 
lating to the Actions of Fluids; but we only deliver'd theſe 
things, that we might deduce the Changes ariſing thence in the 
Motion of a River. 
But I ſhall now ſpeak of meaſuring the Impetus of a Fluid, which 
runs againſt a Body, It is manifeſt, that this Impetus is the Preſ- 


fure* ; which will be determin'd by determining the Reaction of 
the Body +. This Reaction deſtroys the Motion, in a Time equal 


to that, in which it is communicated to the Fluid; therefore 7he 


Impetus of which we are ſpeakizg, is equal to the Preſſure, which 


communicated Motion to the Fluid }, which was determin'd 
above ||, and which is equal to the Weight of a Column of the Fluid, 
whoſe Baſe is the Hole thro which the Fluid runs out, and whoſe 
Height is the Height of the Fluid above the Hole. 


EXPERIMENT. 


We make uſe of the Pillar C explain'd in the firſt Book * ; the 
Arm A is join'd + ; upon which is put the ſmaller Pillar G t; and 
laſtly upon this is put the Arm E, which differs from the Arm, 
mention'd in N. 170, in this, that inſtead of the Braſs Plate, and 


the Pulleys, it has a wooden Ruler faſten'd to it, to which is ap- 


plied a Copper Ruler à a, to which is join'd 4 5 ||. An Ivory Cy- 
linder D is ſuſpended by two Threads, paſſing over the Hooks 


gg, the Threads are faſten'd to the Pins mn, which are fix d 


to the Arm A, by the turning about of wh'ch the Cylinder is rais'd, 


The 
2 


1 
* 
* 
2 
; 
: 
* 
bu 
k 
* 
7 
3 
H 


| „ ac cz 


— . . þ 


Chap. 12. of Natural Philoſophy. 


The wooden Veſſel I F H L, a Foot long, fix Inches broad, and 
as many deep, has its Brim cut in at cd, cd; where the Water 
runs down when the Veſſel is fill'd; that the Surface of the Water, 
which flows out of a Hole, of which I ſhall ſpeak preſently, may 
be kept at the ſame Height for ſome Time, by a continual pour- 
ing in of Water, 1 have given the inward Dimenſions, and mea- 
ſur'd the Height from the Bottom to the Lines c d, c d. 

But that the Motion in the Water, ariſing from the Infuſion, 

may not diſturb the Eflux thro” the Hole, there are two tranſ- 
verſe Diviſions, eee e, 77 f 7, four Inches high, the firſt of which 
is join'd to the Bottom, the other riſes above the Surface of the 
Water ; they are parallel, and are an Inch and an half diſtant from 
one another ; the Water is pour'd in at M. 
A Copper Plate, with a Screw in it, is fix'd at O; to this, a 
Leather being put between, is join'd the Pipe P, which has a 
Screw that fits the other Screw ; the Pipe is clos'd by a Plate which 
has a Hole in it : The Diameter of the Pipe in my Machine is half 
an Inch, or o, 50 Inch, and the Diameter of the Hole is o, 43 
Inch. This Veſſel is fo plac'd, and the Cylinder fuſpended, that 
the Center of the Baſe of the Cylinder may anſwer to the Hole, 
ſo that the Water, ſpouting out of the Hole horizontally, may 
run directly againſt the Cylinder. 

Things being thus diſpos'd, the Veſſel is fill'd with Water, 
which runs directly againſt the Baſe of the Cylinder, and repels 
it in ſuch manner, that the Threads acquire an oblique Poſition;;. 
and the Body is ſuſtain'd in the ſame Poſition, during the EfMux, 
which is continued uniformly ; for Water is continually pour'd on 
in ſuch Quantity, as to run down ſideways at c d, and c d. 

The Cylinder by this Action is remov'd from its Poſition, in 1766. 
which it can reſt, by the Quantity z v, which is equal to an Inch 
and a Quarter, the Line 7 g being equal to twenty-nine Inches. 

To ſhew that this Experiment agrees with the foregoing Propo- 1767. 
ſition , many things are to be conſider'd; for the retarding * 1760. 
Cauſes diminiſh the Motion of the Water running againſt the 
Body, ſo that the true Action exceeds but a little the half of that, 
which is diſcover'd, if the Computation be made without conſi- 
dering the Retardations. Therefore the Effects of the retarding. 


1704. 


1705- 


- Cauſes will be to be examin'd ; but we ſhall firſt determine the. 


Action of the Water againſt the Body. 


The Cylinder D is drawn by three Powers; by its own Weight 1768. 
downwards ; by the Threads obliquely ; and laſtly it is preſs'd hori- 


zontally 
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- @Zzontally by the Action of the Water. Theſe Actions are to on 
* z15, another as the Sides of the Triangle 7 v g*; wherefore ho 
Weight of the Body is to the Impetus of the Water, as 7 & is to 

+ 1766. 2 wv; that is, as 116 to 5 F. 

1769. The Weight of the Cylinder was fix Ounces, wanting two 
Drachms ; therefore the Impetus of the Water was equal to 
119 Gr, 

1770. - Now this Action muſt be compar'd with that which the Ruler 
ſhews ; which can't be done without a new Experiment; becauſe 
it muſt be determin'd how much the Water was retarded; and 
we muſt diſcover the Height which the Water wou'd have, above 
the Hole, in a Veſſel, from which, ſetting afide the Retardations 
it ſhou'd go out with a Velocity equal to that, with which it came 
againſt the Body in the Experiment ; and this is the true Height 
of the Pillar mention'd in N. 1760. 

1771. I weigh'd the Water, which, in the Time of ten Seconds, ran 
out of the Veſſel, whilſt it flow'd with that Velocity which it had 
in the Experiment ; the Weight was forty one Ounces and a Quarter, 

* 1551, From the known Weight of a Cubic Foot of Water *, we infer 
that a Cylinder of Water, the Diameter of whoſe Baſe is one Inch, 
and whoſe Height is equal to a Foot, weighs 2659 Gr. Whence, 
by the Ratio, we diſcover that in the Time mention'd there flow'd 
out of the Veſſel a Pillar of Water, whoſe Baſe the Hole was, 
and Length 40,3 Feet. 

Therefore the Water flow'd out with a Velocity equal to that, 
with which 4,03 Fezt are run thro' in a Second ; which is the 

* 333. 37+ ſame as a Body acquires in falling from an Height of 3, 1 Inches *; 
but this is the Height of a Column, whoſe Baſe is 45 Hole, and 

+ 1759. Whoſe Weight, according to what is demonſtrated before +, is 
equal to the Impetus of the Water againſt the Cylinder. The 
Weight of this Column is 127 Gr. 

1772. In this Computation, we ſuppos'd all the Water to be mov'd 

| with the ſame Velocity, but the Celerity of all the Parts was not 

* 1634 equal *; if the Impetus were as the Velocity, it wou'd be deter- 


min'd exactly, by this Computation; for it wou'd be ſufficient to | 

773. determine the mean Velocity: But the Impetus is as the Square of : 

+ 1760.1586. the Velocity - | | R 
1774. Therefore, if the mean Velocity be attributed to all the Parti- b 
cles, a leſs Impetus is diſcover'd than the true one. If three Par- C 


ticles being given, the Velocity of the firſt of which is four, of i 
the ſecond five, of the third fix, the Action be ſuppos'd as the 
| Square 
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Square of the Velocity, the Sum of the Actions may be expreſs'd 
by 25, and 36. and 49, that is, by 110. But if we attribute to all 
the mean Velocity fix, the Sum of the Actions will only be equal 
to 108. | 


We find therefore that the Impetus of the Water in the Expe- 
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1775: 


riment exceeded 127 Grains, perhaps by three or four Grains and 
no more; but we have ſeen that this Impetus was only equal to 


an hundred and nineteen Grains *, which Difference we attribute . 769. 


to the Agitation of the Cylinder during the Experiment, by which 
it appear d that the Action was not exactly direct. 
We have here conſider'd the Action of a Fluid againſt a quie{- 1776. 
cent Obſtacle, if the Obſtacle be in motion, the Impetus depends 
upon the reſpective Velocity *,. and follows the Ratio of the Square . ,,g. 
of the reſpective Velocity + ; that is, the Intenſity of the Preſſure, . ,... 
acting againſt the Obſtacle, follows this Ratio; but the Aion of 1777. 
the Flu 7 againſt an Obſtacle mov'd the ſame Way with the Fluid, © 
follows the Ratio compounded of the ſaid. duplicate Ratio of the re- 
ſpective Velocity, and the Ratio of the Velocity of the Obſtacle}. t 725: 
If in this Caſe the Velocity of the Fluid be given, its Action againſt 1778. 
the Obſtacle is the greateſt of all, as is demonſtrated in the following 
Scholium, when the Velocity of the Obſtacle is equal to a third Part 
of the Velocity of the Fluid; two Thirds of whoſe Velocity then 
give the reſpective Velocity of which we are ſpeaking *. *g18, 


SCHOLIU M. 


The Demonſtration of N. 1 778. concerning tbe greateſt Action from 
an Impetus againſt an Obſtacle in motion. 


ET A be the Velocity of the Fluid; C B the Velocity of the Ob- 1779. 
ſtacle; the reſpective Velocity with which the Fluid runs againſt the Pl. LVII. 
Obſtacle will be A C®, The Action of which we are ſpeaking is as the Pig. 5 
Product of the Square of the Line A C multiplied by C B +. 4 
Let A E be a Parabola, whoſe Vertex is A; Axis AD; AB a Tan- 
gent in the Vertex. | 
The Abſciſs A D, or CE, follows the Ratio of the Square of the Ordi- | 
nate D E, or A C“; therefore the Rectangle C G follows the Ratio of % e 
the Product of the Square of A C by CB; that is, it follows the Ratio S con. B. 3. 
of the Action of the Fluid againſt the Obſtacle, carried with the Velocity Trop 1. 
CByj. A Point, as C, is ſought, when this Rectangle is the greateſt of all. J * 6. 
Let us ſuppoſe the Point ſought to be given between C, and c; as we * . 
recede on either ſide from the Point ſought, the Rectangles become lels ; 
Vo L. I. EDN ; H h | and 
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+ La Hire: 
Sea. con. B. 2. 
Prop. 20. 


1780. 
* 1418. 


1781. 
1782. 


1783. 
1784. 


Plate LVII. 
Fig. 8. 


1785. 
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and there is none given on one ſide but there will be one equal on the 
other ſide. Let there be two ſuch equal Rectangles C B GE, c B ge; and 
let the Diſtance E s be infinitely ſmall ; taking away the common Rectan- 
gle c B G F, there remain the equal Rectangles Cc F E, Gge F; & 
„ irn ee 
Bue Fe: FE:: DL: DES AC. 
Therefore E C: CB: : DL: AC. | SIS 
But the Subtangent D L is double AD=EC+; therefore AC is 


double C B; therefore is equal to a Third of the whole AB, which was 
to- be demonſtrated. hs | 


\ 


CHAP. XIII. 
Of the lateral Aftion of Fluids in Motion. 


TE have ſeen before * that Fluids preſs equally every way, 
Mat the fame Depth. But the Demonſtration olny belongs 
to Fluids at reſt. 1 

Fa Fluid be moved along an horizontal Tube, or one inclined 
downwards, ſetting afide all Retardations, it preſſes downwards 
with its own Weight; but beſides this, and a ſmall lateral Preſſure, 
ariſing from thence, the Tube ſuffers nothing from the Action of the 
Fluid, with what Velocity foever it be carried. 

For if we ſuppoſe the Fluid to ſpout out of a circular Hole, 
ſetting aſide the Motion ariſing from Gravity after it goes out, 
it will make an horizontal Cylinder, which does not preſs laterally ; 
if this be ſurrounded by a Tube, it will move in the fame manner 
as before, that is, it will not act againſt the Surface of the Tube. 
But F it be retarded in the Tube, whether by means of the 
Friction, or by being ſtraiten'd at its going out, the Fluid preſſes la- 
terally ; and the lateral Preſſure is equal to the whole retarding 
Force, which acts beneath the Point, which is preſſed; that is, if 


AB be the Tube, thro' which the Fluid is moved from A to B. 


the Preflure againſt E, will be equal to the whole Action, which 
retards the Fluid between E and B, and at its going out at B. 

The Action which moves, or retards a Fluid, is proportional to. 
the Height of a Column of the fame Fluid, which can. exert ſuch - 


an Action; therefore we may expreſs that Action by this Height, 


and alſo meaſure it in the Experiment. If the Force acting upon 
the Fluid, whilſt it paſſes along E, be equal to the Wee of a. 
= N oas 64 55 N Column 
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Column of the Fluid, which is five Inches high, and the Fluid be | 
mov'd with a Velocity equal to that, which a Body acquires in fall- 
ing from an Height of two Inches, the Preſſure againſt the Point 
E will be equal to the Weight of a Column of three Inches : For 
if the Fluid ſhou'd be at reſt, the Preſſure wou'd be equal to five 
Inches ; but it does not preſs with that Action, with which it is 
mov'd *; ſo that two Inches muſt be ſubſtracted. | +1781, 

In this reaſoning we ſuppoſe the whole Fluid, which paſſes 1786. 
along the Tube, to be mov'd with the ſame Velocity, which indeed 
is not true; the Effect of the Retardations alſo, acting above E, at 
E is different, according to the different Retardation below E, and 
chiefly at the going out. Therefore the Circumſtances may be infi- 
nitely varied; wherefore in moſt Caſes, it can't be determin'd by 
Computation, what will follow from the Rule deliver'd * ; as will * 1784; 
appear from the following Experiments. 


AMacnine, 
Whereby Experiments, concerning the lateral Preſſure of Fluids in 


motion, are made, 


The principal Part of this Machine is the Veſſel, mention'd in 1987, 


the foregoing Chapter *, to which is faſten'd at O the Pipe P, about pi. LVIII. 
four Inches long, made ſmooth within, whoſe Bore is half an Inch. 8 
To the Middle of it, at top, is join'd the Vertical Glaſs Tube L.. _ 


which communicates with the horizontal Pipe P; (See Fig. 2.) in 
which alſo L repreſents the Glaſs Tube, which we will call the 
San -- | . 
Several Pipes, of the ſame Capacity with the ſaid Pipe P, may 1788. fi 
be join'd to it; which that it may be done conveniently, every Pipe Pl. LVIII. 
is ſolder'd to a broader Pipe 6, into which the End à of the Pipe“ 8.2. 


” J. 1 
147 


K* 


P is thruſt, K 

Several ſuch Pipes are repreſented at B, C, and D; that repre- 17894 4 Aer” 
ſented at B, has a Side Pipe E faſten'd to it, of the ſame Capacity 0 —* 
as B, to which it is join'd at Right Angles to it; the Glaſs Index / * 
ſtanding vertically upon it, in the ſame manner as the Index L. | S 
| There muſt be two Stops as c, to cloſe the Ends of the Tubes; 1-90, 
ſuch a Stop is made of a ſmall Tube which has one End clos'd 
by a P late, | = 

. I h h 2 In 1 
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In the ſame manner the ſmall Pubes d and e are clos'd by Plates, 


but theſe have Holes in them; that the Aperture, thro' which the 


Water ſpouts, may be varied, 


EXPERIMENT 1. 


To the Veſſel FL join the Tube P. Pour in Water, ſo that 
it may run over, as was ſaid above F. During the Efflux thro” a 
no Water appears in the thy * but at the very Moment, when 


this Aperture is clos'd, the Water aſcends in L to the Height of 
5,19 Inches. 


This Height was meaſur'd from the external upper Surface of 


the Pipe P; wherefore we muſt add the Thickneſs of the Metal, 


* 86, 


but we muſt ſubſtract the Aſcent of the Water ariſing from the 
Attraction of the Glaſs *; for this Reaſon we neglect theſe two 
Differences, and in what follows we ſhall meaſure the Height in 
the ſame manner, 85 

In this Experiment there is no ſenſible Friction between the 
Point, to which the Glaſs Index is applied, and the Aperture, 


thro' which the Water goes out; and there is no lateral Preſſure 


from this ſmall Friction, becauſe the middle Water moves faſter, 
carrying along with it the lateral Water; but this Action is directed 


obliquely towards the Axis of the Pipe P, and therefore deſtroys 


the Effect of the Friction. In other Caſes it only diminiſhes it. 
The Motion of the whole Water is very much retarded, in this 
Experiment; but the retarding Cauſes act chiefly at the Entrance 
into the Tube *; that is, above the Point, in which the Preſſure is 
meaſur d, and upon which thoſe Cauſes produce no Effect +. But 
to compare this Experiment with the following, the Velocity, 


with which the Water goes thro' the Pipe, will be to be deter- 


min'd, both in this and in the other Experiments ; and this is de- 
termin'd by attributing to all the Particles the ſame Velocity ; but 


as this does not accurately agree with the Motion, ſome Corrections 


mult be made in the Concluſions. 

I determin'd the Velocity of the Water in the Pipe, by receiving 
in a glaſs cylindric Veſſel the Water, which flow'd out in ten Se- 
conds. A Pound of Water in this Veſſel was two Inches and three 


Eighths high. The fame Water in the Pipe P continued wou'd | 
take up a Space of 11,55 Feet, as is eaſily deduc'd from the 


known Weight of Water. *. 115 l ; 
But the Water, which run out in the faid Time, took up in the 
Veſſel a Space of 8,13 Inches; a tenth Part of which in the * 
7 1 R bs > ou 


— — — —ͤꝗ—6ä— — — — 


wou'd take up a Space of 3,95 Feet; which therefore wou'd be 
the Space run thro' in one Second*by the Water going out, if it 
kept its Velocity ; but this Velocity is equal to that, which a Body 
acquires in falling an Height of almoſt eos Inches, as is deduc'd 
from what is ſaid before®, * 883, 374» 


EXPERIMENT 2, 


To the Pipe P, I applied the ſmall Pipe e (Hg. 2.) the Diame- 1798. 
ter of the Aperture, thro' which the Water then ran out, was to H. LVIII. 
the Diameter of the Pipe P, as 43 to 5o; and the Water, which FS 
flow'd out in 10” took up, in the Veſſel above-mention'd *, an * 1796. 
Height of 6, 13 Inches; whence we infer'd that the Water in the 
Pipe P, had a Velocity equal to that, which a Body acquires in 
falling 1,7 Inch. The Height of the Water in the Index was 
2,06 Inches; and this Height is the Meaſure of the lateral Preſſure. 

Therefore the whole Action which acted upon the Water, whilſt 1799. 
it paſſed along the Glaſs Index, which is equal to the Sum of the 
lateral Preſſure and the moving Cauſe *, exceeds the Weight of a + 178f. 
Column of three Inches and three Quarters ; which Meaſure of the 
Action ſhou'd be encreas'd +, becauſe the Middle Water moves t 1794: 
faſter than the Side Water 4. 1 1634, 


EXPERIMENT 3. 


We change the ſmall Pipe, and inſtead of e make uſe of 4 1800. 
(Fig. 2.) the Diameter of whoſe Aperture is 0,26 Inches. The 5 LVL 
Height of the Water, which flows out in 10”, is in the Veſſel © ? 
2,19 Inches. Therefore the Velocity with which it moves along 
the Pipe, is equal to that, which a Body acquires in falling from an 
Height of o, 22 Inches. In the Glaſs Index the Height is 4,9 4 
Inches; the Sum is equal to 5,06, If we encreaſe this laſt Action 
a little *, we find that the Water, in this Caſe, was retarded but * 1794 
little, in its Entrance into the Tube +. +1785. 1792 

We find the like Variations if the Fluid be retarded by an In- 1801. 
flexion of its Way. | | | 


EXPERIMENT 4. 


Taking away the ſmall Pipe, whereby the Aperture of the Pipe 1082. 
P was narrow'd, I applied the Pipe C, bent to a Right Angle, . LVIII. 
Fig. 2. The Water receiv'd in the Veſſel had the Height 5, 1 ; 
therefore it was carried with a Velocity equal to that, which a Body 


—— — — „ 


acquires 


Chap. 13. of Natural Philoſophy. 421 


422 


Mathematical Elements Book III. 


acquires in falling from an Height of 1,6 Inches. In the Index 


1803. 
PI. LVIII. 
Fig. 2, 


1804. 
PI. LVIII. 
Fig. -2. 


1805. 
1806. 


1807. 


1808. 
Plate L VIII. 
Fig. 3. 


® 1789. 


1 * 
Plate LVIII 
Fg, 3. 


the Height was 2, 56 Inches; the Sum is equal to 4, 16 Inches. 


__  BXPERIMENT 3. 

I applied the ſmall Pipe d (Fig. 2.) which was made uſe of in 
the third Experiment, to the End of the Pipe C, and every thing 
which was obſerv'd in the third Experiment, obtain'd here alſo. 

ExPERIMENT 6. TSS 

This Experiment differs little from the fourth ; the Angle, which 
the Pipes P and C make, which is a Right one in the ſaid Experi- 
ment, is in this 135 Degrees. But this was the Effect. The Water 
receiv'd in the Veſſel was 6,48 Inches high. Therefore the Velo- 
city of the Water in the Pipe was equal to that, which a Body 
acquires in falling an Height of 1,84 Inches. In the Index the 


Height of the Water was 1,87; therefore the whole Action was. 


3, Inches. 
From all this it appears, that the Effects of the retarding Cauſes 

can't eaſily be foreſeen; but in general the Retardation is diminiſh d 

in the going in, when it is encreas d in the going out. 


In bent Pipes the lateral Preſſure is greater in the Place of the In 
flexion from the centrifugal Force, but it can't eaſily be reduced to a 
certain Rule, as may be infer'd from the following Experiments. 


ExPERIMENT 7, 

Inſtead of the Pipe C, which we made uſe of in the fourth Ex- 
8 we uſe the Pipe B, (Fig. 2.) to which alſo is join'd the 

ipe E at Right Angles to it, of the ſame Capacity as B and P. 
Upon this Pipe B is plac'd the Glaſs Index /, like L, as we have 
ſeen above v. ages We | 
In this Experiment the Water flow'd out of the Pipe E, this be- 
ing quite open, ſo that this Experiment coincides with the fourth ; 
the Event was alſo the ſame: the Velocity indeed was ſomething 
leſs, but the Difference was ſo ſmall, that I cou'd perceive no Dit- 
ference in the Height of the Water in the Index L. In the Index 
/ it was higher, and the Difference was 0,96 Inches. 


EXPERIMENT 8. 


very thing .remaining the ſame, I applied the ſmall Pipe d 


E 
- (Fig. 2.) to the Aperture of the Pipe E, ſo that the Experiment 


coincides with the fifth Experiment; the Event was alſo the 1 
1 ud l 
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| and ſcarce any Difference cou d be perceiv'd in the Height of the 
Water in the Indices L and J. eee N * * 


CHAP. xiv. 
Of Hydraulic Machines. 


T has been demonſtrated in the 2 1ſt Chapter of the: firſt Book, 1$t0; 
that the Reſiſtance of a Body ariſing from Gravity, muſt be | 
conſider'd in a different way, when a Body is to be ſuſtain'd, than 
if it were to be raiſed, In the fame manner when we confider 
Machines, by which Water is rais'd from a lower Place to one that 
is higher, thoſe Things are not ſufficient, which are demonſtrated 
in the firſt Part of this Book, concerning the Preſſures of Fluids. I 
ſhall not treat of particular Machines; but I ſhall explain ſuch 
things, as may have reference to any Machines whatſoever, which 
are defign'd for the ſaid Uſe. ET! 
The Deſign of all ſueh Machines is, that the greateſt Quanti 
of Water may be rais'd-to a certain Height, in a certain Time wit 
a given Action. | 
I don't regard the external Cauſes that diminiſh the Effect; 1 1812; 
ſhall only conſider that Action, which really moves the Water, | 
without regarding that, which is conſum'd, whilſt the Defects of 
the Machine are overcome, or any other Obſtacles whatſoever 
are remov'd. | | 
We reduce the Propoſition, of which we are ſpeaking, to the 18 13. 
moſt ſimple Caſe, if we conceive an horizontal Pipe A B C D join'd Pl. LVIII. 
to a vertical Pipe I B E F. We ſuppoſe the Plane ML to be mov'd E's 4. 
in the horizontal Pipe, and indeed without Friction, and without 
loſs of Water, with which we ſuppoſe both the Pipes to be fill'd. | 
We alſo ſuppoſe the Action, which hinders the Deſcent of the $2 
Water, or which drives it upwards, to be applicd in the Direction. 
N P perpendicular to this Plane. 
Moreover, we ſuppoſe the Pipe AB CD to be immers'd in Water 
in ſuch manner, that the Surface of the Water may anſwer to A B. 
Laſtly, we ſuppoſe that the Water is to be rais'd above I F. | 
There are different Actions, whereby the Machines, made to raiſe 18 143 
Water, are mov'd; I ſhall examine them in their Order, conſider- 25 
ing them as acting againſt the Plane I L, along N M. W ar 
0 | | | D tho 


18115 
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Method we ſhall come to a general Theory, which may be applied 


to any Machines whatever. | | 
But we muſt firſt conſider general Things, which belong to any 
Actions whatever, ee IN S 
1815, The Preſſure of the external Water, contain'd in AL MC, de- 
ſtroys the oppoſite Preſſure of the Water, which fills the remaining 
Part of the horizontal Pipe, and the Action, applied along N M, 
ſuſtains the Water contain'd in the vertical Pipe IBE F. 
1916. If the Capacity of both Pipes be the fame, the Power, which, be- 
3 ing applied along N M, 2 the Water in the ſaid Pipe, at the 
Height I F, above which it is to be rais'd, is equal to the Weight of 
the Column of Water E I. And this Power, as long as it ad; 
alone, cannot drive one Drop out of the Pipe, nor raiſe one Drop to 
the Height requir'd. | 
1817. But of the Action applied be encreas'd, fo as to be equal to the 
Weight of a Pillar of Water, whoſe Baſe is the ſame as the forego- 
ing one B E, but its Height e g, exceeding the firſt by the Quanti 
+ 8, the Water is thrown out of the Pipe with à Velocity with which. 
it can go from f to the Height of the Point g; that is, with a Ve- 


38% locity, which a Body can acquire in falling thro' g f* ; with which 


Velocity it is mov'd along the whole Pipe; and which follows the 

+ 381. ſub duplicate Ratio of the Encreaſe of the Action itſelf +. 
1818. Hence it follows, that the Action, applied to the Machine, pro- 
| duces. two Effects; and that it may be reſolv'd into two Parts. 
The firſt raiſes the Water to the determin'd Height; and this Part 
of the Action alone does nothing at all, with regard to the Uſe of 
the Machine. The ſecond Part of the Action applied drives out 
the Water ; and the Quantity of the Water rais'd depends upon the 

_ | Magnitude of this Part of the Action, 
1819. As long as we conſider the fame Plane LM, the firſt Part of the 
* 1431: Action is always the ſame, howſoever the Vertical Pipe be chang'd *; 
but if the Capacity of this Pipe be chang'd, the ſecond Part ſhou'd 
be varied, that the ſame Quantity of Water may be rais'd to the 
_ * in the ſame Time; therefore we muſt ſee which is 
= 8 

1820. If the Orifice I F be chang'd, and the ſame Quantity of Water 
Flat Lg. be driven out, the Velocity of it will follow the inverſe Ratio of the 
$5: Orifice, and the Height / g will follow the duplicate Ratio of the 


2 381, Velocity *. Therefore, the Part of the Action, mention d laſt, is in- 
1821. wverſely as the Square of the Orifice ; that is, it is diminiſh'd, when 
: , F * f | „ £ 6 
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the Orifice is encreas'd ; in which Caſe the whole Action, which ” 


follows the Ratio of the Height e g, is alſo diminiſh'd. 

Let the Water be to be rais'd to the Height E F, or e f, of 1822. 
ten Feet; and let us ſuppoſe it to be driven thro' any Orifice what- Fig. 4 
ſoever with a Velocity, with which it wou'd run thro' almoſt three 
Feet and a Quarter in one Second, which Velocity a Body acquires 
in falling from an Height of two Inches *; and V g is equal to this. 864. 3794 
SL M, Go 
may be expreſs'd by the Number 122 ; for there are fo many 
Inches in e g. 

If the Orifice I F be doubled, fg is reduc'd to a Quarter *, and 182 3. 
e g, that is, the whole Action, is only equal to 120, f. Fig 5. 


If the Orifice be reduc'd to half, the Velocity of the Water go- * 
ing out is doubled, f g becomes eight Inches, and the whole Action my 


1s equal to 128. 


In this Computation we ſuppoſe all the Water, which paſſes 1824. 
thro' the Orifice of the Tube, to flow down its Sides in the ſame 
Time in which it paſſes thro', which does not happen when the 
Orifice is very wide, or the Velocity very ſmall; wherefore the 
Action, determin'd by the foregoing Rule *, muſt be encreas'd in * 1821. 
ſome Caſes, more or leſs, according to the different Figure of the 
Orifice. We ſuppoſe the Orifice circular; becauſe the Friction, 
which can never be avoided in Practice, tho' we have no regard to 
it now, is the leaſt of all in this Figure; therefore, ſuppoſing this 
to be the Figure, we ſhall examine the Efflux. 

The Velocity of the Plane LM being given, the Velocity is given, 1825. 


with which the Water wou'd go out, if the Orifice were equal to 


this Plane; and, any other Orifice whatſoever being given, the 
Height /g may be determin'd, by proceeding as in the foregoing 
Example. 

If /g be leſs than three Eighths of the Diameter of the Orifice, 1826. 
the whole Action wilt be to be encreas'd, that it may be propor- 
tionable to e u, a Portion of which /n, is diſcover'd by this Rule. 

The Square of three Eighths of the Diameter of the Orifice, multi- 
plied by F g, is equal to the Cube of the Height ſought / u, as we 
ſhall demonſtrate in the firſt Scholium following. | 
Let us ſuppoſe in the foregoing Example, in caſe N. 1823, the 1827. 
Diameter of the Orifice to be fix Inches, we ſhall have f n equal 
to 1,36 Inches; and except the whole Action, which in the ſaid 
N. 1823, we determin'd 120, 5, be encreas'd, ſo as to be 121, 36, 


the Quantity of Water requir'd will not run out. 


Vor, I. Ii1 Although 


426 
1828. 


1829. 
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Although we may often overlook ſmall Matters in Practice, yet 
it is of ſervice in many Caſes to know them ; and oftentimes of the 
greateſt Uſe. | ' 

From the Rule, deliver'd in N. 1821, we deduce this general 
Concluſion, that greater Orifices are to be preferr'd to ſmaller , be- 


cauſe the fame Quantity of Water is driven out by a leſs Action, 


ceteris paribus, | 


1830. 
pl. LV MI. 
Fig 7--- 


But (pme Things muſt be obſerv'd concerning the Determina: 
tion of the Orifce in ſome peculiar Caſes. 

If the Orifice I F be indeed greater, but at a little Diſtance from 
the narrower Part of the Tube, which is terminated at G O; ſo 
that the Water,, with the Velocity with which it paſſes thro' G O, 


can aſcend higher than thro' i g, all the Water, which goes out, 


1831. 


plate LVIII. 
Fig. 8. 


1832. 


* 1830. 


1833. 


1835. 


does not aſcend with the ſame Velocity above the Line E F, but the 
Velocity is greater in the Middle, as appears from the Protuberance 
of the Water there; in this Caſe we muſt reaſon as if we had to do 
with an Orifice of a mean Magnitude between I F and GO. 

It often happens alſo in Machines, that the Way, thro' which 
the Water is brought, is narrow'd, before the Water comes to the 
Orifice, as by putting in a Diviſion G O, which has a Hole at P. 
If the Diſtance G I be leſs, thoſe Things, which we deliver'd juſt 
before, muſt be applied to this Caſe alſo &. | 

But if the Diſtance G I be ſuch, that all the Parts have equal 
Velocity at I F, we need not regard the Diviſion : The Force of 
the Particles muſt indeed be encreas'd, that they may paſs thro' P; 
but this is again conſum'd, in communicating Motion to the upper 
Water. As long as the whole Effect is the ſame, the whole Action 
is the ſame; but the Effect is diſcover'd, by conſidering the Height 
to which the Water is rais'd, and the Velocity with which it goes 
out; the greater this is, the more Force is loſt ; and it appears from 
what is ſaid before, that this properly is the Reaſon, why greater 
Orifices are to be prefer d: But be Changes, which happen in the 
Velocity, before the Water comes to the Orifice, are not to be conſider'd. 

For if the Way be inlarg'd, and afterwards diminiſh'd, or if it be 
firſt narrow'd, and afterwards again inlarg'd, there are contrary 
Changes in the Forces of the Particles; and as theſe Changes mu- 
tually deſtroy each other, their Effects are neglected in the Cal- 
culations. Fs 5 5 27 

Theſe Changes, in regard to the Way, which is narrow'd, very 
much encreaſe the Friction, and therefore ſhou'd be diligently 
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ayoided; but this Impediment is external, whereas ve comidet 

the Thin gabſtractly. 

We have hitherto conſider'd cbmminued Mation; although v we 1836. 
have ſaid nothing of the Manner how Motion may be continued Pl LVHI. 
ina Pipe; for we do not ſpeak of particular Machines. Let us I] 
now ſuppoſe a Machine to act by Fits; and let us conceive two 
equal, and fimilar Machines, and that a Plane as LM is driven for- 
wards by each Machine with an equal Action, - Let theſe Planes 
be driven alternately, thro' equal Spaces, in equal Times; ſo that 
theſe two Actions may be equal to one, which acts continually: 

"Theſe two acting alternately, will not produce the ſame Effect 1837. 
as one, which ſhou'd act continually, tho' all Things agree. For 
the Times will be different, or the Actions, acting alternately; which 
are applied, muſt be greater. 

For in this Caſe the Motion of the whole Water, contain'd in 18 38. 
the Tubes, ceaſes every Agitation, and muſt be renew'd again; fo 
that Part of the Action, applied to the Machine, i is conſum'd, whilſt 
this new Motion is communicated. - This Part of the Action, 
which is loſt, is varied, all Things being alike, according to the 
different Space, run thro' by the Plane L M, every Agitation; and 
the Proportion being kept, that is ſo much the greater, as this 
Space is leſs. 

The Ratio likewiſe of the Part of the Action loſt, to the whole 1 $39. 
Action, differs according to the different Nature of the Action, 
which is applied to the Machine; therefore it will be ſufficient to 
obſerve in general, that he Machines, which drive out Water by Fits, 1840. 
are very imperfect. 

This Defect is diminiſh'd, if the two Pipes, in which Planes as 1841. 
LM are mov'd, preſs the Water upwards in the ſame Pipe, as is ob- 
ſerv'd in many Pumps for then, if when the Motion of one Plane 
L M ceaſes, the other be mov'd immediately, the Motion of the 
Water is continued upwards in the common Pipe; but as the Mo- 
tion can't be continued uniformly, that is, without any Retardation, 
ſome Part of the Action is always loſt in reſtoring the Motion. 

Theſe general Things being premis'd, we muſt now ſpeak of the 
Actions themſelves. 

The Actions, which are applied to hydraulic Machines, may be re- 1842. 
fer'd to four Claſſes. To Fire, Air, Water, and laſtly the Force of 
Men, or Animals, 3 5 

1 ſhall not ſpeak of Fire here ; thoſe are peculiar Artifices, 9 1843. 


by the Action of Fire is applied in the raiſing of Water; and the 
lii 2 Exami- 


42.8 


1844. 
1845. 


1846. 


1847. 


1848. 
1849. 
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Examination of them wou'd lead us away from the Subject entirely ; 
and cauſe us to mention many Things, neceſſary for this End, 
which belong to the following Book. | 

We muſt ſay but little of Air alſo, we have not treated of this 
yet. The Action of it 1s often join'd with the Action of Fire ; and 
it is often applied alone. 550 Ns 9 

This obtains, when Sails are join'd to a Machine, which, being 
expos'd to the Wind, turn round, and communicate Motion to the 
Machine. Hes 

When we make the Computations, we muſt determine the In- 
tenſity of the Action of the Wind upon the Surface of the Sail, 
which, I queſtion whether it can ever be done accurately by Me- 
chanics. For not only the Impetus of the Particles of Air upon 
the Surface itſelf, is to be conſider'd; another Preſſure muſt be ſu- 
peradded to this. The Air, which paſſes at the Sides, carries along 
with it the Air which is behind the Sail, and diminiſhes the Denſity 
of that, which remains; whence there follows an Action from a 
peculiar Property of the Air, which is call'd Elaſticity, of which 
we ſhall ſpeak in its Place. This Action is different according ta 
the different Velocity of the Wind, the different Velocity of the 


Sail, and the different Breadth of it: Moreover, the Sail muſt have I 


its End bent after a certain manner, that the Air may in ſome mea- 


{ure be retain'd, from which there follows a Preſſure, which acts 
contrary to that, which acts upon the reſt of the Sail; but the Di- 
minution arifing from thence is ſmall, if compar'd with the En- 
creaſe, which follows from the Efflux of the Air at the Extremity of 


the Sail being hinder'd. I treat of theſe Things briefly, becauſe we 


may eaſily err in determining the Action of the Wind, 
We faid that Water was uſed alſo, in raiſing of Water. The Water 
for this End muſt be ſuch as flows in a River, or a Rivulet, naturally. 
But Water may be applied two Ways; it a&s either by its Gra- 
vity, or its Impetus. In the firſt Caſe, ſometimes, the Water 1s re- 
ceiv'd in Buckets, which by deſcending raiſes other Water; yet oi- 
ten in this Caſe, as always, when Water acts by its Impetus, Wheels 
are made uſe of, that have Ladle Boards faſten'd to their Circum- 
ferences, which moving by means of the Weight of the Water, 
running down upon them, or being driven on by the Impetus of it, 
make the Wheel turn round. 4 
When a Machine is mov'd by the Weight of the Water, we are 
to conſider a Preſſure whoſe Intenſity is not alter'd, by the Ma- 
chine's being in motion *. But if the Wheel is turn'd by the Im- 
petus 
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petus of the Water, its Motion muſt be conſider'd ; for the Impe- 1861. 

0 tus depends upon the reſpective Velocity . + 948. 

1 Therefore we refer theſe Actions to two — kinds, of which 1852. 

| I ſhall preſently f ſeparately. 

There remain the Actions of Men and Aalmals; in theſe Adions 1853. 

we muſt conſider the Intenſities, and the Velocities. 

The velocity of the Preſſure beige chang' d, its Action is chang de, 18 54. 

therefore if the Action be determin 4 che Intenſity is varied, when 723: 

the Velocity is chang'd; and indeed that is diminiſh'd, as this is en- 

creas'd +, But the Force of a Man, or Animal, is not ſo deter- + 725. 

min'd, that we can refer it to the Rule. 

If the Velocity be chany'd a little, the Intenſity of the Action! is 
not chang'd';''if it be chang'd very much, the Incenſity'i is not chang'd 
in the inverſe Ratio of it. | 

Therefore, as to the Addions of Men and Animals we mult thus 18 56.. 
determine ; as long as the Velocity of the Agent is chang'd but a 
little, the Actions belong to the Kind mention'd before *; but if * 1850. 
we ſeek the greateſt Action, Which a Man, or Animal, can exert, 
we muſt determine the Velocity, which being given, this can be 
done conveniently; ; we muſt then ſeek the Intenſity of the Action, 
ſo that it may be continued for a ſufficient Time. Therefore this 18 57. 
Action is.determin'd every way, both with reſpect to the Intenſity, 
and with reſpect to the Velocity; and the Application of theſe 
Actions to Machines muſt be examin'd alſo; ſo that we muſt con- 


18 5 5. 


ſider three different Kinds of Actions Tg. T1882. 
Let the Plane L M be to be driven forwards *, an Adden being ap- 1 . 


plied along N P, whoſe Intenſity is not chang' d from the different Fig. 4: 

Velocity, which. is communicated to the Plane L M, upon which * 1813. 

Velocity, other Things being given, the Quantity of Water which 

runs out depends. As long as the Intenſity of the Preſſure does not. 

exceed the Weight mention'd in N. 1816, it is of no Uſe ; what is 

ſuperadded produces the Effect, which is ſo. much the greater, as. 

the Part ſuperadded is greater +. # 1817; 
But we may refer hither the reaſoning in N..495. whereby it will 1959.. 

appear that there is a determinate Part of the Action, to be ſuper- 

added to the firſt, that the whole Effect may be the greateſt of all; 

that is, that the Quantity of Water, which is rais'd in a certain 

Time, may he the greateſt of all, with reſpect to the Power. applied. 

In the ſecond Scholium we thall demonſtrate that ſuch is the Effect, 

if the Intenſity of the Power be equal to double the. Action olten 

mention'd “ . a 1816, 

1. 


1860. 


1861. : 


1863. 


1864. 


1852. 1851. 
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Ii che Plaue LM be circular, and the Diameter be one Foot, and 


the Height E F be ten Foot, and the Power applied along N P he 


qual to fiye hundred Pounds, the Water will be fuſtain'd at the 
Height E F, and will not run out; but if the Power be equal to 3 
thouſand: Pounds, the Effect is the greateſt of all with relation to 
the Power. If this Power. be diminiſh d, the Effect is diminiſh d 
mope:thati the Power-; if it be encreas d, this is enereas d leſs, | 


We determine this greateſt Effect, the Height being given to 


which the Water: is to be rais dz but this is not the greateſt, which 


thbis, Power can pradu ee. 5 5010 202 3 
1862. 
teſt Effect, which the given Power, for Example, the ſaid Power of 


For if, the Plane L M remaining, any one ſhou'd. ſock the grea- 


a thouſand Pounds, can,; exert. :;/The,Height muſt then be deter- 
min'd, to which the Water is to be rais'd, that the Product of the 
Height of the Velocity of the Water may be the greateſt ; for the 
Effect is chang'd, as the Height is varied, and that follows alſo the 


Ratio of the Velocity; with which the Water is thrown out of the 


EMBO n id, roll Ee no bh tei nile oe, 

But this Product is the greateſt; as we alſo demonſtrate in the 
ſecond Scholium, when the Water is;rais'd: to an Height, which is 
equal to two Thirds of that, at which the Power can ſuſtain the 


Water in the Pipe. The ſaid Power of a thouſand Pounds, wou'd 
ſuſtain the-Water in the Pipe B F, continued upwards, at the Height 


of twenty Feet; now it the Height E F be thirteen Feet and a 
Third, the Effect will be the greateſt, 7 - = 
We ſaid that we muſt next examine the Actions of the Wheels, 


which are mov'd by the Impetus of the Water &. 


In what manner ſoever ſuch a Wheel be join'd to a Machine, we 


may always proceed fo far in the Computation, as to determine the 


Power, which acts upon the Surface L M, as the Water preſſes the 
Boards of the Wheel by its Impetus; and the Velocity of this 
Power will be determin'd in the ſame manner as the Velocity of 
the Water, and the Intenſity will depend upon the Velocity. The 
ſame Wheel remaining, and the ſame Motion of the Water, the Ve- 
locity will indeed depend upon the Conſtruction of the Machine, as 
likewiſe the Intenſity of the Power, which acts along NP; but 
the Machine being given, when the Velocity is diſcover'd, which 
anſwers to the greateſt Velocity of the Wheel, that is, to the Velo- 
city of the Water, which moves the Wheel, we conſider the Thing 
thus; as if the Water, being mov'd with the Velocity diſcover d, 
ſhou'd run againſt L M, and ſhou'd there exert a Preſſure, whoſe 
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litenſity hon'd: follow ithe Ratio of the Square of the reſpective - 
Velocity of this Water and the Plane LM; and ' whoſe a 


from the 


ſhou'd be determin'd for any given Velocity whatever; 


431 


Intenſity of the Actibn upon the Wheel, and from the Conſtruction 
of the Machine; by deducing the Reaſonings from thoſe Things, 


' which are demonſtrated in the ſecond Part of the firſt Book. 
We have ſeen that the Action of the Water, mov'd with a de- 
terminate Velocity, againſt the Plane is the greateſt, when the Ve- 


locity of the Plane is equal to a third of the Velocity of the Water *. 
Yet the greateſt Quantity of Water is not always. rais'd in this Caſe ; 
it is only fo, when the Water is thrown out thro' a determin'd 
Orifice. Wien an 1 | | 

But if the Griſice be chang'd with the Plane, which immedi- 
ately thruſts forwrards the Water, and the Otifice be always equal 
to this Plane, the Velocity of the Plane muſt be diminiſh'd a little; 
that is, this muſt be leſs than a third of the Velocity of the Water. 


1865. 


® 1778. 


1866. 


But the Difference is ſmall, except in Ad of the 
8 


Water running agamſt the Plane, or in a leſs Height, to which the 
Water is to be rais'd; for if a Body can riſe to a greater Height 
with that Velocity, a leſs Velocity of the Plane is requir'd; as will 
te explain'd in the third Scholium, , _ 

It remains that we ſpeak. of a Power every way determin'd *. In 
this Caſe the Effect is determin'd alſo, and nothing particular is to 
be obſerv'd ; the general things demonſtrated before, may be refer'd 
hither, .and we muſt chiefly have regard to N. 1829. 


If the Conſtruction of Machines, whereby ſuch Powers are to 
be applied, it muſt be obſerv'd, that, the Plane I. Mö nmiſt not be 


too large; for the Intenſity of the Action given ſhou'd exceed the 
Action mention'd in N. 1816. 

Moreover we ſhou'd obſerve, that, when the Plane L M is deter- 
min'd, the Height e g is given; and therefore F g. Therefore the 


1867. 
* 1857. 


1868. 


1869. 


Velocity is given, with which the Water is driven out of the Ori- 
fice IF; but the Velocity is given with which L M is mov'd; 


therefore the Orifice muſt be fo order'd, that theſe Velocities may 


anſwer to one another, that is, that the Velocity of the Plane may 
be to the Velocity of the Water going out, inverſly as the Plane to 
the Orifice, thro' which the Water goes out; otherwiſe the Ma- 
chine wou'd.not produce the Effect requir'd : If the Orifice be 


given, the Magnitude of the Plane L M ſhou d be. ſo. determin'd, 


that the ſaid Ratio may take place. | | 


ets The 
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1870. „The. Theory, deliver 'd in this Chapter, is very univerſal, I will 
un deny that there may; be difficulties in the Application, in pecu- 
liar, Machines, and. chiefly thoſe, in which the Water is not rais'd 
thro' Pipes 35 but this has no relation to the Deſign of theſe Ele- 
ments; the retarding Cauſes alſo, which we have ovetlodk'd, en- 
creaſe the Wen but theſe can't. be avoided; and regard muſt 


had | of neceſſuy! Taal 
be had to them of neceſſity in the, Computations; 1.1.1 ..  . / 
, * . ty Wo 3-20 E- "RE. . FR | p 585 
a1 26497 «DIED TN" If A SOSL1 900 Nags Ti Dol V Satin 
- , 1 4 ; 2 ' 
' 2; *- +1128 H NH Uu: 21 008501 £05 39 ith! 


* e 7 Fo 9 FI C13} eg igt ) ID wo A. 
be Demonſtration of N. 1826; concerning Water running out, 


* 
- 


Plate LX. - Baſe is equal to the Circumfetence of the Orifice, thro which the 
Fig 1. Water flows, and whoſe Height 7 is equal to a Quarter of its Diameter; 
ſo that the Rectangle may be equal to the Orifice itſelf,” fl. 
We ſuppoſe the Water to aſcend thro*. the Orifice with a Velocity equal 

181% to, that, which a Body acquires in falling the Height g 7, and which the. 
Line f r. denotes j it all the Water were to go out laterally with the ſame 

Velocity, it ought to be rais'd to the Height f above the Orifice ; then all 

the Water wou'd run down ſideways, thro* a Space equal to the Aperture 

itſelf. But as the Efflux of the Water is made every where, thro' the whole 
Circumference, in the ſame manner; ſit is ſufficient to exhibit it in one Point 

asf. The Efflux from F to , with the Velocity Fr, is repreſented by the 


1871. ET fO Pq be a Rectangle, part of which only is repreſented, whoſe 


% 


Rectangle Fr. | 

1872, This is the Efflux which is requir'd, that all the Water may run out; 

with which we ought to compare that, which really runs out. This, in the 

ſame Point f, is repreſented by the Surface fg r, which is terminated by 

the Curve g r, whoſe Ordinates, as à 5, denote the Velocities in the 

Points to which they coxreſpond, as a; and the Velocity at à is equal to 

* 230, that, which a Body acquires in falling the Height g a* ; wherefore g a is to 

+ 381. g f, in the duplicate Ratio of ab to frf, Whence it follows that the 

| La Hire Curveg br 1s a Parabola||. ore) 

ea. con. B 3. As the Rectangle fq 57 is to the Surface f g h r, ſo is the Quantity of 

Prop. 1. Water, which aſcends thro* the Pipe, to that which can flow down at 
the Sides. | | | 

1873. When f g does not exceed f q one third, the Surface of the Parabola is 

La Hire leſs than the Rectangle“, and all the Water cannot run out; that is, unleſs 

82 2 B. 5. the ALTON be encreas'd, the Velocity of the Water in the Pipe will not 

rop. 29. be kept. | FOrs 25 

182% TR ſuppoſe the Action to be ſo encreas'd, that this Velocity may be 

kept; that. is, that the Surface, which repreſents the Water, which really 

runs out, may be equal to the Rectangle fqsr. Let this Encreaſe be 

gen; the Water will now run out every where laterally with a Velocity, ac- 


quir'd in falling from », and the Surface of the Parabola f uf will _ 
| that 
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that runs out, and this Surface will be «qual to the ſaid ReCtargle f q s r, 

This Parabola agrees with the firſt, it is a greater Portion of the ſame 

Curve; for both denote the Velocities of the falling Body. The Rectangle 

made of f, and fn is to the Surface of the Parabola fn, as 3 to 25; a Hire 
and it is equal to the Rectangle made of fr by three Eighths of the Dia- Sec. con. B.g 
meter of the Orifice; for 7 q is equal to two ſuch Eighths+. Thence it! 1 
follows that the Square of the Line f multiplied by the Square of the * 
Height F, is equal to the Product of the Square of the Lire f r by the 

Square of three Eighths of the Diameter of the Orifice. Put the Square of 

the Line f 7 is to the Square of the Line fr, as »f is to gf], There- | 7, Hire 
fore the Product of the Line n f by the Square of the ſame, that is, the Se. con. B.3 
Cube of the Height ſought » f, is equal to the Product of the Height g F Prop. 1. 

by the Square of three Eighths of the Diameter of the Orifice; which we 

ſaid in N. 1826. and which was now to be demonſtrated. 


I, of 


SCHOLIUM I. 
The Demonſtration of thoſe Things, which are mention'd conterning 
the greateſt Actions in N. 1859, and 1863. 


E ſpeak in theſe Numbers 1859. and 1863. of the Action upon a 1875 
| determinate Surface, ſo that the Intenſity of the Preſſure may tollow 
the Ratio of the Height at which the Water might be ſuſtain'd in the Tube. 
Let A B be the Height, to which the Water muſt be rais'd; let AC 1876. 
be the Height, at which it can be fuſtain'd in the Tube, by the Action of Plate {x 
the Power; which Height is as the Intenſity of this Power. The Water Fig. 2. 
then goes out with a Velocity with which it cou'd aſcend from B to C, 
which we ſuppoſe to be repreſented by C E. If the Intenſity of the Power 
were as A D, the Water wou'd go out with a Velocity, with which it cou'd 
aſcend along BD; and, D F being drawn, parallel to E C, which in this 
Caſe may repreſent the Velocity of the Water, E C, and F D will be Ordi- 
nates to the Diameter B D of the ſame Parabola BE F, as all this follows 
from what is demonſtrated in the foregoing Scholium. 
We ſeek the Caſe, in which the Effect is the greateſt of all in reſpect of 1877. 
the Intenſity of the Power; that is, in which the Ratio between the Lines 
E C and CA is the greateſt. For the Quantity of Water, which is rais'd 
in a certain time, is as the Velocity, with which it runs out of the Pipe at 
B, which Velocity is as E C. 
E A being drawn, E C will be the greateſt of all in reſpect of C A, when 
the Angle E A C is the greateſt; but this is the greateſt, when the Line 
E A touches the Parabola ; for it can't be encreas'd any more. Let this 
Tangent be A F, and A D will be the Intenſity ſought of the Power, 
which will be double A B“, as we ſaid in N. 1859. a Hive 
Let us now ſuppoſe the Intenſity of the Preſſure to be given; and that $29. con. B. 2. 
therefore the Height B A is given, at which the Water might be ſuſtain*d Prop. 20. 
in the Pipe. . 1878. 
Yak Kkk It 
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PlateLX. If the Length of the Pipe be B C; the Water will go out of it, with 
Fig. 3. that Velocity, with which it can aſcend along C A; which we ſuppoſe to 
be repreſented by the Ordinate C E, the Parabola A E D being drawn; as 
1672. 1856. We have often ſeen already *. 
® 1863. The Effect of which we are ſpeaking *, follows the Ratio of the Height 
B C, to which the Water is rais'd, and of the Velocity C E, with Which 
| it goes out of the Pipe; that is, the Effect follows the Ratio of the 
+ 23. El. 6. Rectangle CBG EF. - 13194 
1879. We ſeek therefore the Point C, that this Rectangle may be the greateſt 
of all. Let us ſuppoſe this Point between C and c; and that theſe Points 
are ſo determin*d, that the Rectangles CB G E, Bg e, both which want 
but little of the greateſt, may be equal; and therefore Cc FE, Gęge F 
are equal; whence it follows 8 
14. El. 6. Fe: FE: : EC: FG, oo EG=CB, | A. 
RP But Fe: FE: : EC: CL; the Tangent E L being drawn, 
4 5 Therefore C B and CL are equal“; and C A is equal to the half of C B+, 
. , B. 2. that is, it is equal to a third of the whole B A. Which was to be de- 
Prop. 20. monſtrated ||. | | 


{ 1863. B 
The Demonſtration of the greateſt Action mention'd in N. 186 5. 1866, 
1380, NH E Velocity of the Water being given, which acts againſt the Plane, 
we want to know with what Velocity the Plane muſt be mov'd, 
that the greateſt Quantity of Water may be rais'd in a given Time. | 
3 Let the given Velocity of the Water be call'd 1; the Velocity ſought of 
91 


the Plane ; the reſpective Velocity will be 1 —x * ; and the Intenſity of 
11773. the Preſſure againſt the Plane i —x* . | | 
Moreover we call the Height 1, to which the Water is to be rais'd; a 
denotes the Height to which a Body can aſcend, with the Velocity 1 ; that 
is, 1 is to 4, as the firſt Height to the ſecond, both of which are given; 
laſtly z is the Baſe of the Column of Water, which is rais'd; or rather, 2 
denotes the Magnitude of the Surface mov'd forwards, 
1881. Let us ſuppoſe the Water to be thrown out thro' a determinate Orifice, 
which we call 1. All the Water, which is driven forwards by the Plane 
x, with the Velocity x, paſſes thro this Orifice, with a Velocity, which is 
to x," as the Plane itſelf is to the Orifice, that is, as 2 is to 1 ; therefore 
that Velocity is z x. With which Velocity a Body can riſe to the Height 
aZ.ZXx x: for : CRT | 
$17 TS n az: AY AN. FOE | 
This Height is to be added to: that, to which the Water ſhou'd be rais'd ; 
and the whole Height at which the Power ſhou'd ſuſtain. the Water 15 
Ia Eg ZXT x. If ye multiply this by the Baſe z, we ſhall have he clo 
| ; Column, 


* 381. 
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Column, which is ſuſtain*d, and to which the Impetus of the Water againſt 


the Plane is proportional; therefore — x = 2 + @2* x*, The Quan- 
tity of Water, which is rais'd, is that, which the Plane z thruſts forwards, 
with the Velocity x, in the Caſe, in which this Product is the greateſt of all. 

The algebraical Rules de maximis & minimis muſt be call'd to our Aſ- 
ſiſtance here; if a Computation be made, and 2 be taken away, we 
have this ſimple Equation 3 x = 1; which agrees with what is deliver'd 
in N. 1865. | | 

But if the Orifice, which we ſuppos'd fix'd, be equal to z, the Water 
goes out of it with the Velocity x; and the Height to which it can riſe 


with this Velocity, is a x x, and we have 1 —x =2z+azxx. Now if 
the Caſe be ſought, in which the Product z x is the greateſt, and à be taken 


J 
x I 1 
away, we have x* + x x + EE — 
a a 


If the Height, which we expreſs by Unity, to which the Water is to 
be rais'd, be ſmall, or the Velocity -of the Water cauſing the Impetus be 
great, 4 may exeed Unity; and the greater a ſhall be, the leſs will be. 
But if @ be leſs than Unity, as it almoſt always happens, x wants but little of 


FL as all theſe Things follow from an Inſpection of the Equation, and 


were fiewn in N, 1866, 
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1883. 
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BOOK. III. 
PART IV. Of Bodies mov'd in Fluids 


Ci A-P: NV. 
Of the Reſiſtance which Bodies, mov'd thro Fluids, 


undergo. 


1885, LE RTV Body, that is mov'd in a Fluid, ſuffers a Reſiſtance, 
and indeed from two Cauſes. 
Tho the Parts of Fluids cohere together but a little, yet it 
* 76.77. is certain that they do cohere together with ſome Force x. But 
1886. whilſt a Body in its Motion ſeparates the Particles of Fluids, it muſt 
port a the Cohefion juſt mention'd ; and this is the firſt Cauſe of 
Reſiſtance. 

1887. This Action is like that, whereby the Parts of ſoft Bodies are ſe- 
parated, whilſt a Cavity is made in them; which we find is done 
by an Action, which follows the Proportion of the Cavity itſelf 

* 841. that is made *; which Demonſtration we may alſo apply to a Body 
mov'd in a Fluid; but in this Motion the Body makes a Cavity 
proportional to the Space paſs'd thro' ; tho' this Cavity be again 
fill'd every time, by the Afflux of the Fluid. Whence we infer, 

1888. that a Body ſuffers a Refitance from this firſt Cauſe, proportional 
to this Space run thro' ; wh:ch therefore is encreas'd and diminiſb d 

+ 109. with the Velocity T. 

1889. Whilſt a Body makes a Cavity in a ſoft Body, the Parts are 
preſs'd into one another by the immediate Action of the Bodies 
only, which Actions ceaſing, the Motion of the Particles ceaſes; 
for this reaſon, ſo much Force is conſum'd, in making the Cavity, 
as is neceſſary to overcome the Coheſion of the Parts; and Bodies 

may loſe their whole innate Forces, in making Cavities. 

1890. But a Body, in its Motion along a Fluid, does not only move the 
Particles of it by an immediate Action, whilſt it opens a Way to 
itſelf between them, in which immediate Motion of the Parts it 


overcomes the Coheſion ; but it moreover communicates a Force 
to 
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to the Particles themſelves, whereby they are mov'd among one 
another after the Action of the Body ceaſes : But the Reaclion of 1891. 
the Particles, whilſt this Motion is impreſs'd upon them, ariſing from 
their Inertia, is the ſecond Cauſe of Reſiſtance. 
To conceive more clearly what relates to theſe Reſiſtances, we 
ſhou'd have regard to this, that 7he mutual Action of a Body and a 1892. 
Fluid is the ſame, whether the Body be mov'd in a quieſcent Fluid 
with a certain Velecity; or whether, the Body being at reſt, the 
Fluid runs againſt it with the ſame Velocity. For this Action de- 
pends upon the reſpective Motion, which is the ſame in theſe Caſes. 
Now if, ſetting afide the Coheſion of the Parts, we have regard 
to the Motion of the Fluid, and conſider it, whilſt it runs againſt 
a quieſcent Body, we ſhall eafily ſee, that the Action of a Fluid 1893. 
ig the Preſſure; and that the Particles don't impinge againſt the 
Body ; but that they are mov'd along it, or along the Particles of 
the Fluid, which touch the Body, and that beſides they preſs the 
Body, in the ſame manner as the Body preſſes a Plane upon which 
it moves; ſuch are the Preſſures, ariſing from Forces, which have 
been mention'd above *. * 1003. 1004, 
This Preſſureꝭ ariſing from the innate Force of the Particles, is as 
this Force, that is, as the Square of the Velocity * ; which appears. ; 5 * 
more plainly, if we conſider the Analogy, which there is between 
this Action and the central Force, which ceteris paribus, is alſo as 
the Square of the Velocity +. The Preſſure is alſo encreas'd, of f 616. 
which we ſpeak here, as the Number of Particles impinging in a 
certain time, which Number follows the Proportion of the Velo- 
city; laſtly, this Preſſure follows the Ratio of the Time, during 
which every Particle acts upon a certain part of the Surface; which 
Time is ſo much the leſs, as the Velocity is greater, and it follows 
the inverſe Ratio of the Velocity: The two laſt Ratios mutually 
deſtroy one another, and there remains only the Ratio of the Square 1895. 
of the Velocity; which therefore the Re/i/tance from the ſecond Cauſe 
_ follows. | 
a We eaſily perceive, by attending to what follows, how both 1896. 
Cauſes of Reſiſtance act together, in the Caſe, in which the Body 
is at reſt, and the Fluid is in motion, as we have ſuppos'd in this 
Demonſtration. That the Particles, which act upon a Body, as A, Pl. LX. F. 4. 
flow down at the Sides B and D; and exert no Action there, if 
we ſet aſide the Coheſion. But if we ſuppoſe Coheſion, theſe late- 
ral Particles draw along with 'em the next to them, and ſeparate 
them by their Actions ; which Separation 1s requir'd, that the Fluid 


may 
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Plate LIX. 
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2898. 


1899. 


1900, 
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may flow dowa every way: But the Coheſion can by no means be 
ſeparated, unleſs the Body reſiſts, and there be an Action againſt 


it *; which muſt be ſuperadded to the Action, ariſing from the 


Inertia. 


AMacnine, 
Whereby Experiments concerning the Reſiſtance of Fluids are made, 


The wooden Trough A B is five Feet long, two Feet and an 
half broad, and eight or ten Inches high, 

This is ſupported by four wooden Pillars, five Feet high, which 
ſtand upon a ſmaller Trough C D, which has four Feet, about ten 
Inches high : The Height of theſe Feet muſt not be leſs, becauſe 
Water which runs out of the Cock E, is to be receiv'd into a 
Veſſel of this Height. 

The hollow Parallelopiped of Wood F is three Feet and an half 
long from g to Y; the Bale of its Cavity is five Inches ſquare. We 
thew in the Figure how this Parallelopiped is faſten'd in a vertical 
Poſition between wooden Rulers, The Diſtange, between the 
upper Surface of it / and the Bottom of the Trough A B, is fifteen 
Inches. | 

In this Bottom, in the middle of its Length, there is a round 
Hole, of about four Inches and an half Diameter, which is at a 
leſs Diſtance from one Side than the other ; that the Experiments 
may be more conveniently made. #: 

To this Hole, anſwers a Hole, which differs little from the 
foregoing one, but is leſs, in the middle of the upper Surface / of 
the Parallelopiped F. 5 
In theſe Holes a leaden Pipe T, whoſe Diameter is equal to four 
Inches, is faſten'd vertically; whereby there is a Communication 
between the Trough A B and the Parallelopiped F. This Pipe is 
eighteen Inches long; its Cavity is cylindric, and its Inſide is made 
very ſmooth. _ | 5 

The Pipe is well faſten'd, and the Water is hinder'd from run- 
ning out between it and the Wood, by putting ſmall Linnen 
Threads between. 


Pipes of a ſmaller Bore are alſo often. uſed, in which Caſe their 
Ends are ſurrounded with wooden Rings, that they may be faſten d 


in the ſame manner in the Holes mention'd. | | 
At the lower End of the Parallelopiped F there are four Cocks, 
J. L. M, N. Their Holes are in horizontal Plates, which are all 
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plac'd in the ſame horizontal Plane: And theſe Holes are much 


leſs than the Capacities of the Cocks; that the Water may run out 
without any ſenſible Friction, The Holes of the two ſmaller Cocks 
I and L, which are equal, are equal ; the Hole of the Cock M is 
double ; and laſtly, that of the greateſt N is triple. The Diameter 
of the mean Hole is equal to halt an Inch. 


Although theſe Holes be meaſur'd ever ſo exactly, all Error root. 
can't be avoided, which how it may be corrected, I ſhall pre- 
ſently ſhew “. * 1905. 


The Board P is put on the Edges of the Trough A Bin the middle 1902. 
of it, whoſe Length ſomewhat exceeds the Breadth of the Trough, and 
whoſe Breadth is ſixteen or eighteen Inches. This, leſt what is put 
upon it, ſhou'd happen to fall into the Water, is ſurrounded by a Bor- 
der half an Inch high. This Board is faſten'd by four wooden Rulers, 
two of which are ſeen at o and 9, join'd to it, and between which is 
the wooden Prominence v, join'd to the Trough. 

The wooden Croſs S is put upon it, which goes under the 1903, 
Table, that it may be faſten'd by means of a Screw. The Balance 
V is hung upon the Croſs, which we make uſe of in other Experi- 
ments, and of which we ſpoke before *. * 1480. 

This is ſuſpended in ſuch manner, that, when it is in Equilibrio, 
the Feet of the Scales may be remov'd from the Board a little more 
than a Quarter of an Inch. 

But the Hook of the Scale & anſwers to a Hole in the Board, 
whoſe Diameter is three Quarters of an Inch, and whoſe Center is 
in the Axis continued of the Pipe T. 

In the Experiments, made with this Machine, we make uſe of 1904. 
the Globes, Cylinders, and different Cones, which are every one , EX. 
ſuſpended by Horſe-hairs ; in which Suſpenſion with reſpect to the 77m OP 
Cylinders and Cones we mult take care, that their Axis be vertical, 
and the Vertices of the Cones be directed upwards. | 

To try whether the Holes of the Cocks have that Ratio to one 
another, which I mention'd * and to correct the Errors, I made * 1900. 
uſe of a Method, which I will now explain, 

Things being diſpos'd as I explain'd, and a Pipe being applied at 1905. 
T*, whoſe Diameter was the Hypotenuſe of a Right-angled , 1 
Iſoſceles Triangle, whoſe Sides are two Inches, I filled the Trough 
AB with Water in ſuch manner, that the Edges of the Trough 
were only two Inches diſtant from the Water ; whereby F and T 
were fill'd alſo, 1 

N 
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In the Pipe T, I hung by an Horſe-hair a Braſs Cylinder, whoſe 


Diameter was almoſt an Inch and a Quarter, and whoſe Height is 
an Inch and an half; the upper Surface is a little Convex, and it is 


hollow, that it may load the Balance leſs, and it is well clos'd, that 


the Water may not get into it : The Horſe-hair was join'd to the 
Hook of the Scale & of the Balance V, and, by a Weight put into 
the oppoſite Scale, there was made an Equilibrium, 

I wanted to know what Weight muſt be added to make an Equi- 
librium, when one of the ſmaller Cocks was open'd ; this Weight 
is difcover'd by trial. You firſt put in any Weight that you pleaſe, 


and the Balance is kept in Equilibrio by the Hand, and, after the 


Cock is open'd, it is let go-; if the Balance be mov'd, the Weizht 


is encreas'd, or diminiſh'd, according to the different Motion; and 
the ſame Operation is repeated, till, when the Balance is left to it- 


felf, it remains in Equilibrio ; then we have the Weight, which is 
equal to the Action, which the Water, whilſt it moves along the 
Tube, exerts againſt a Body. 

By this Method I diſcover'd, the ſmaller Cocks being open'd 


fucceſſively, that their Actions differ a little; and that therefore the 


Quantities of Water, running thro' each of em, were not exactly 
equal; which Error was eaſily amended, by making one of the 
Holes ſomewhat larger. THEE 

Both of the Cocks I, L*, being then open'd together, that twice 
the Quantity of Water might run out, I wanted to know the Action 
of the Water againſt the Cylinder; and I took care that the Action 
ſhou'd be the ſame, when the ſingle Cock M was open'd. 

Laſtly, by the ſame Method, I fo order'd the Cock N, that 
there might flow ſuch a Quantity of Water out of it, as was equal 
to that which run out of the Cock M, and one of the Cocks I, or 


L together, in the ſame time. 


In all this I took care to keep the Water in the Trough at the 


fame Height, which muſt be obſerv'd in all the Experiments, that 


are made with this Machine; wherefore, when the Surface of it 
ſinks one Inch, more Water muſt be pour'd in. 
The Machine is now fit to make he Experiments. The Cock 
I, or L being open'd, a certain Quantity of Water runs out, and 
the Water in the Pipe T is mov'd with a determinate Velocity, 
which Velocity is uniform throughout the Pipe ; for a Quantity of 
Water, equal to that, which runs out of the Cock, continually 
enters into the Pipe, and goes out of it in the ſame Time. The 
Velocity of the Water in the Pipe is double, if a double Quantity 
. n 2 
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of Water runs out, that is, if both the Cocks I and L, or only M 
be open'd. It is triple if you open M and I or L together, or N 
alone. The Velocity is quadruple if you open the three Cocks 
I, L, and M; or N, and one of the Cocks I and L. It is quintu- 
ple if you open M and N at the fame time. It is ſextuple if N, 
M, and one of the Cocks I and L be open'd, Laſtly, it is ſeptuple 
if you open them all together. 

In all theſe Motions there can be no Accelaration of the Water 1907. 
in the Pipe T ariſing from the Coheſion, ſuch as we mention'd in 
another Place * ; which if it ſhou'd obtain, this Concluſion cou'd * 1652. 
not be drawn, v/2. That an equal Quantity of Water runs out of a 
Cock in a certain time, whether it be open'd alone, or together with 
others, which is here paſt all doubt; becauſe a Velocity, which 
very much exceeds the greateſt, which the Water has here in the 
Pipe, can ariſe only from the Preſſure of the Water which is above 


the Orifice of the Pipe. 


* 
EXPERIMENT 1. 


Things being diſpos'd, as has been explain 'd in the Deſcription of 1908. 
the Machine, and the Pipe T, above mention'd *, being applied, Pl. LIX. 
whoſe Diameter is the Hypotenuſe of a Right-angled Iſoſceles Tri- 5; * 
angle, whoſe Sides are two Inches each, the Braſs Globe G, whoſe 
Diameter is half an Inch, is ſuſpended at any Depth, of ſix, eight, 
or ten Inches in the Pipe. In whoſe Axis the Globe is; becauſe 
the Horſe-hair to which it is faſten'd, is join'd to the Hook of 
the Scale E. 

By the Method deliver'd in N. 1905. I fought the Actions of 
the Water upon the Globe, whilſt the Water paſs'd thro' the Pipe 
with different Velocities ſucceſſively; which Actions were equal to 
the Reſiſtances of a Body, if, the Water being at reſt, it had been 
mov'd in it, with the ſame Velocities. | 

The ſmalleſt Weights, which I made uſe of in determining theſe 
Actions, were quarters of a Grain; the Actions diſcover'd were 
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A 9x ets : 2 8 R _ a5 a OO" * "wb oe 2 
: e hr ts dd * Pl 0 
my _ — P 4 ca ate i Ls cad td; bd "nt . a” * 
D * 4 C 7 4 o 7 


as follow, 

Velbcities. Reſiſtances. 
1222 —— = Gr. 4. 
2. Gr. 1 
3.9 Gr. 3 

—4Jꝓ q. Gr. 4 4. 
ULM ES Gr. 7 4 
6. l 44 Gr. 10 r. 
. - - - Gr, 14 
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In the three firſt Velocities the Actions wanted a little of the 
We guts ſet down. 

Theſe Experiments were made with a very nice Balance, and 
great Care was taken in the making of them ; but I cannot affirm 
that there was no Error at all, howſoever ſmall, in them. 

I muſt confeſs that ſome ſmall Errors, leſs than a quarter of a 
Grain, cou'd not be avoided ; and I do not think that we recede 
from the Experiment in ſupplying ſo ſmall a Matter, when a regular 
Series requires it. 

That there is ſuch an Error in the firſt Action, here determin'd, 


which wants but little of 4 of a Grain, and which is ſenſible with 
reſpe to this Weight, is not only ſhewn by the regular Series, to be 


deduc'd from the reſt of the Experiments, but is alſo confirm'd by 
the following Experiment . 
The Experiments are deliver'd here, as they were made by me, 
before any computation was made. „ 
A Grain being now divided into an hundred Parts, it appears in 
the following Series, that the Reſiſtance in part follows the Ratio 
of the Velocity, and in part the Ratio of the Square of the Velocity, 


<> Reſiſtances from Reſiſtances from The Sums Reſiſtances i 
Velicities. the firſt Cauſe. the ſecond Cauſe. of both. 7 e Exp. 2 


1. 1. x 830, i256. 46. 75. 
2. 2. & 40. 40. 4 x 20==104. 144. 150. 
3. 3. Xx 20 00... 9 x 268234. 294. 300. 
4. 4. X 20== 80. 16x 26 =416. 496. 475. 
g. . * 20 == 100. 25 x 20 == 050. 750. 775. 


6. 6. & 20 2 120. 36 x 26 2 936. 1056. 10 ;o. 
7. 7. * 20==140. 49x 20 =1274. 1414. 1400. 


When fimilar Bodies are mov'd in like manner, and with equal 
Velocities, along the ſame Fluid, it is deduc'd from what is demon- 


1886. 1893. ſtrated before *, that both Reſiſtances are encreas'd, and diminiſh'd, 


F 20. El. 6, 
＋ 2. El. 12. 


4013. 
PL. 1X.” 
Fig. 1. 2. 


as the Number of the Particles of the Fluid mov'd out of their 


Place at the ſame time, is encreas'd and diminiſh'd; that is, he 


whole Reſiſtance follows the Ratio of the Squares of the homologous 
Sides ; and in Globes, Cylinders,. or Cones, it follows the Ratio of. 
the Squares of the Diameters . 


EXPERIMENT 2. 


This differs from the laſt Experiment only with reſpect to the 
largeneſs of the Globe, which is ſuſpended in the Pipe T. In this 
3 Be 1 an 
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we uſe the Globe H, whoſe Diameter is the Hypotenuſe of a 

Right - angled Iſoſceles Triangle, whoſe Sides are half an Inch each, 

namely equal to the Diameter of the Globe G, made uſe of in the 

firſt Experiment ; wherefore the Squares of the Diameters are as 

one to two“, in which Ratio alſo were the Reſiſtances diſcover'd, * 47. El. t. 


as appears from the following Table, in which -+ denotes Exceſ. 8, 
and — Detect, 


Velocities. 9 ty the Rejift 5 5 1 _ 
122 44444 2 — 
S.. „„ 2 BY — - - — — — - 14 — 
on e e 6 —— — ——— 3 — 
1 i Jo aids 4+ | 
92 nn 154 —2§—— 74 
6, ----==-- 2I - - - - - - - - - - IO + 
eee eee 3 14. 


The Reſiſtances in the leſs Velocity only do not agree with the 1915. 
Propoſition; but we have already ſeen in the foregoing Experi- ; 
ment, that that muſt be corrected, which was diſcover'd in that 
Experiment, when oF Velocity was the ſmalleſt of all ; but the 
Reſiſtance there plac'd in the regular Series, is half of that, which 
was determin'd, in the ſame Velocity, in this laſt Experiment. 

The Reſiſtance from the firſt Cauſe is not chang'd according to the 1916. 
different Figure of the Body, if the Cavity made in the Motion be but 
the ſame * ; Wherefore in a Cone and Cylinder, mov'd in the Di- . 887. 848. 
rection of their Axis, as alſo in the Globe, if the Diameters of theſe Ft 
Bodies be equal, and the ſame Fluid, and Velocity be given, the 
Reſiſtance is the ſame. 

But the Reſiſtance from the ſecond Cauſe differs according to the 1915. 
different Figure of the Body; for tho' a Fluid at reſt preſſes every 
way with the ſame Force, it is manifeſt that this ſhou'd not be re- 
fer'd to Preſſure ariſing from Motion; this acts in one Direction 
only, and is not wholly ſuſtain'd but by a Plane perpendicular to 
this Direction. 

We demonſtrate in the following Scholium that the Rgſiſlance of 1918. 
a Cylinder is to the Reſiſtance of a Cone, if they are both right ones, 
and mov'd with the ſame Velocity, in the Directions of their Axes, in 
the ſame Fluid, as a Line drawn on the Surface of the Cone from the 
Vertex to any Part of the Baſe, - to the Semidiameter of the _— 

8 2114 e 
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1919, We demonſtrate in the fame Scholium, that the Refftances of 4 
right Cylinder and a Globe are to one another as three to two, if the 
Diameters are equal, and the former be mov'd in the Direction of 
its Axis. 

1920. Whence it follows that the Refitance of a Globe is to the Reſiſtance 
of a right Cone, mov'd in the Direction Hits Axis, and the Diameter 
of whoſe Baſe is equal to the Diameter of the Globe, as two thirds of 
a Line, drawn on the Surface of the Cone to a Point of the Baſe, are 
to the Semidiameter of the Baſe. 

It is to be obſerv'd that the Vertex of the Cone muſt move 
foremoſt ;. for if the Baſe ſhou'd undergo a Reſiſtance, it wou'd be | 
manifeſt that this wou'd not differ from the Refiſtance of a Cylin- : 
der of the ſame Diameter. Y 


EXPERIMENT 3. : 

1921. This Experiment is made in the ſame manner as the foregoing, : | 
Pl. LIX. only the Body is different upon which the Water acts. I made 1 
8.1 3. uſe of the Cone repreſented at O, the Diameter of the Baſe is half f 


an Inch, the Height half an Inch from the Vertex v to the Center 
of the Circle, which terminates the conical Figure, below which 
conical Figure the Body was cylindric, and the Height of the cylin- 
dric Part was about an Eighth of an Inch. But this lower Part of 
the Body is not to be regarded, becauſe the Water, which moves 
in the Direction of the Axis of the Body, cannot run againſt it. 
The Actions of the Water againſt the Body are contain'd in the 


following Table. | 
1922. Velocities. Refiſtances. 
Lo www „„ „„ Gr. * — 
2— „ Gr. 17 + 
3. == Gr. 2 42 — 
•/4Jꝓzſd. . Gr. 4. 
EE Gr. 6. — 
2 — — —— — Gr. 8 4 
7. Gr 11 


A Grain being divided into an hundred Parts, we ſeparate the 
Reſiſtances from each Cauſe in the following Table, 


J elocities. 


ris, Henſon  Mfnts 
1. X 20 == 20; 1120 20 
2. * 20 = 40. 4* 20 80 
3. x 20 60. 9 * 20 2180 


5. X 20 == 100. 25 * 20==500 


Saarn? 


Whoſoever ſhall examine this Table, will eaſily ſee, that hardly 
any thing more accurate can be expected in ſuch Experiments. 


4. 120 30. 16 20 1206 


6.x 20 2 120. 36. ð 20==720 
7. Xx 20 2 140. 49 x 20== 980 
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The Sums Reſillances 
of both. 2 2 xp. 


40 FO 
120 1254 
240 250— 
400 400 
600 600— 
840 80 


1120 1100 


1924. 


By comparing this Experiment with the firſt *, N. 1916. is *:907. 19113 


confirm' d. 


It is alſo plain, as to the Reſiſtance from the ſecond Cauſe, that 


meter, as 20 to 26 K. 


it is, in this Caſe, to the Reſiſtance of a Globe of the ſame Dia- 


51910. 1923. 


Now to make a Computation of theſe Reſiſtances; let them be 1 925. 


to one another as 4 v6 to the Semidiameter of the Baſe * : If this. 
Semidiameter be call'd 1, the Height of the Cone will be 2; and 
v will be equal to the Square Root of the Number 5 ; therefore 4. El. ;, 
the Reſiſtances are as 3 5. to 1. But the Conical 
kept in the upper. Part; that the Cone may be ſuſpended by its. 
Vertex; wherefore the Reſiſtance muſt be encreas d. 

At the Sides of the Hole thro' which the Thread goes, there are 
two ſmall plane Surfaces, which together are equal to about g of 
the Surface of a Circle, whoſe Diameter is 44 ; wherefore a twenty- 
fifth Part of the Reſiſtance: of the Cone muſt be encreaſed in the 
Ratio of the Reſiſtance of this Cone to the Reſiſtance of the Cy- 
linder; that is, in the Ratio of 1 to 5 Therefore the Reſiſ- 178. 


VS. to 24+/5 | which Ratio differs 


little from the Ratio of 26. to 19. In which-Computation we have 
neglected the Conſideration of the Figure of the Vertex, to which 


25X2 


tances ſought are as 


the Thread was tied. | 


the Figure, 


1920, 


Figure is not 


This Reſiſtance from the Computation differs from the Reſiſtance 926. 
in the Experiment a twentieth Part, howſoever the Velocity be al. 
tered ; whence it appears, that this Difference is to be attributed to 


Bu 
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But as this Difference is not very great, and as a certain Part of 
a Figure cannot eaſily be reduced to Calculation, it is manifeſt that 
the Propoſition N. 1920. is confirm'd by this Experiment. 

I did not make Experiments with Cylinders, to confirm the De- 
monſtrations ; the Difficulty of theſe Experiments was the Reaſon 
why I did not: for a Cylinder cannot well be ſuſpended without 
moving, whilſt the Water paſſes along by it; whence the Series of 
Reſiſtances is irregular, and in greater Velocities very uncertain, 

I alſo found that the Reſiſtances of Cylinders, whoſe Diameters were 
equal, but Heights different, were different ; which is a certain Sign 
of ſome Agitation, as it is paſt all doubt, that the Reſiſtance of a 


Cylinder, which moves in the Direction of its Axis, does not de- 
pend upon its Height. But as Spheres and Cones are eaſily ſuſpended 


in ſuch manner, that no Agitation is to be fear'd, I thought it beſt 
to make uſe of theſe Bodies, +3"; 1 
Nevertheleſs I ſhall add ſome Things concerning Experiments 


made with Cylinders. 


Among the four Cylinders, with which I made the Experiments, 


there is one, whoſe Diameter is half an Inch, and Height 4 of an 


Inch, whoſe Reſiſtances give a Series nearly regular; which being 


reduced to a Regularity, exactly agrees with what is before demon- 


1929. 
Pl. LX. 
Fig. 1. 4. 


ſtrated; the greateſt Correction antwers to the Velocity fix, in which 
the Reſiſtance wants 1+ Gr. that is, about a twelfth Part of that, 
which is requir'd in the Series; which is certainly a remarkable Dif- 
ference, _ | 

tap} EXPERIMENT 4. | | 
This was made in the ſame manner as the foregoing Experi- 
ments, by ſuſpending the Cylinder K, whoſe Diameter was half an 
Inch: The Water mov'd in the Direction of the Axis of the Cy- 


linder. 


—— -! ©: - - -- nree, 
152 1.5 70 £ Gr. OP | 
1142 2. „Gr. 2. 
3. 11 
4. r. 
5 . — 2 = = - - Gr. 11. 
6. Gr. 14. 
. Gr. 20. 
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A Grain being divided into an hundred Parts, the Reſiſtances 
from the two Cauſes are ſeparated. = 
| | 2% f Velocities. 
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Mam. Moan EET Tie 
x1 * 20 =2 20. 1 39== 39. 59. 75. 
2 * 20 = 40. 4 x 39 = 156. 196. 200, 
3 x 20 = 60, 9 x 39 = 351. 411. 400, 
4 x 20 80. 16x39== 624 704. 750, 
5 * 20 =2100. 25 x 39 975. 1075. 1100, 
6x20==120. 36 * 39==1404. 1524. 1400. 
7 X20 . 140. 49X39==1911. 2051. 2050. 


. 


Whence it appears that the Reſiſtange from the firſt Cauſe, in 


this Caſe, is that, which was obſerv'd, in the Experiments made 
with the Globe, and Cone, of the ſame Diameter with this Cy. 
linder; according to what is demonſtrated in N. 1916. It is alſo 
manifeſt that the Reſiſtance from the ſecond Cauſe, in this Experi- 
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1930. 


1931. 


ment, is to the Reſiſtance of the Globe, as 39 to 26. * ; that is, 1930. 1911. 


as 3 to 23 as J ſaid in N. 1919. 

The Refiſtance from the firſt Cauſe is different in different Fluids; 
and it is manifeſt that this Difference can only be determin'd by 
Experiments, 

In fwifter Motions, if we except glutinous Fluids, the Reſiſtance 
from the Cobeſion of Parts is ſmall, if compar'd with the Reſiſtance 
from the ſecond Cauſe ; which follows from the different Ratio's, ac- 
cording to which they are encreas'd. For the Velocity, in which 
theſe Reſiſtances are equal, being encreas'd, for example, an hundred 
times, the firſt will be to the ſecond, as one to an hundred. 

But the Refiſtance from the ſecond Cauſe, in different Fluids, fol- 
lows the Ratio of the Particles mov'd out of their Place ; for it de- 
pends upon the Inertia of Matter, which follows the Ratio of the 


1932. 


11933. 


1934. 


Quantity of Matter * : Therefore this Reſiſtance 19 ceteris paribus, 19. 


as the Denſity of the Fluid. 
A Computation may be made of the Reſiſtance from the ſecond 


Cauſe, without making any Experiment, by determining the Weight, 
which is qual to this Reſiſtance. | 
Let there be a Body, whoſe Surface AB ſuffers a Reſiſtance, 


1935. 


1936. 


whilſt the Direction of the Motion is perpendicular to this Surface; plate LX. 
but we ſuppoſe, as above, that the Body is at reſt, whilſt the Fluid Fig. 5. 


moves, whereby the Action of the Fluid. againſt the Body is not 
chang'd *. 


Let 


* 1892. 
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Let the Surface CD at the Bottom of the Veſſel be equal to the 
Surface AB, which Veſſel contains a ſimilar Fluid to the Height 
DF; -moreover, let us ſuppoſe the Preſſure, which the Part CD 
of the Bottom undergoes, to be equal to the Action, which AB un- 
dergoes, ſetting aſide the Coheſion of the Parts. 
Theſe two equal Planes hinder the Motion of the Fluid, and are 
3 for this Reaſon: Therefore, as the Actions are equal, they 
inder equal Motions. Therefore, if the Planes are taken away, 
the Fluid moves with the ſame Velocity, in the Places where the 
Planes acted; that is, the Fluid, which acts upon the Surface AB, 
is mov'd with a Velocity, with which the Fluid can go out thro' a 
Hole at CD; which Velocity is equal to that, which a Body ac- 
® 1533; quires in falling the Height EC in vacuo *; for we ſet aſide the 
Coheſion of the Parts, and all Friction. Therefore the Action, 
which the Surface A B undergoes, whilſt the Fluid acts upon it, is 
equal to the Weight of a Column of the Fluid, whoſe Baſe is CD, 
or AB, and Height EF; for this is the Preſſure which CD un- 
* 1531; dergoes *. : C 3; i 
1937. Whence it appears, that the Reſſtance of a Right Priſm, mov d 
in a Fluid, in a Direction perpendicular to its Baſe, is equal to the 
Meigbi of a Column of the ſame Fluid, whoſe Baſe is equal to the 
| Baſe of the Priſm, and whoſe Height is that, from which a Body, 
falling in vacuo, acquires the Velocity with which the Priſm is mov d 
In the Fluid. 1 2 N | be 
1938. This Demonſtration only obtains, when the Surface, which ſuf- 
Nes, fers the Reſiſtance, is perpendicular to the Direction of the Motion *; 
in other Surfaces, we muſt have regard to what is demonſtrated con- 
21918. 1919. cerning theſe *. . | 
1939- Wherefore in a Globe, the Reſiſtance will be equal to two thirds 
of the Weight of a Cylinder of the Fluid, whoſe Diameter is equal 
to the Diameter of the Globe, and whoſe Height is that, from which 
a Body falling in vacuo, acquires the Velocity with which it is mov'd 
®1937. 1919. in the Fluid *, a | | | 
I940. The Height, from which a Body in falling acquires a Velocity, with 
which if it be carried in the Fluid, the Refiflance from the ſecond 
Cauſe is equal to the Weight of the Body, is eafily diſcover' d from theſe 
Things. In a Priſm, the Denſity of the Fluid will be to the Denſiiy 
21937. 1464. of the Priſm, as the Height of this is to the Height ſought *. 
1941. In a Globe the Denſity of the Fluid will be to the Denſity of the Globe 
T as the Height of a Cylinder, of the ſame Weight with the Globe, and 
that has its Diameter equal to that of the Globe, which Height © 
eq 


equal to two-thirds of the Diameter, is to two thirds, of the Height | 
ſought *, that is, as the Diameter is to the Height ſought. ®1937.1919. 
The Weight which is equal to the Reſiſtance, and therefore the Ho: ; 
Reſiſtance itſelf from the ſecond Cauſe, follows the Ratio of the Baſe ek 
of the Priſm, the Denſity of the Fluid, and the Square of the Velocity | 
of the Body *. Which agrees with what is. demonſtrated. before +. . 1937. 374. 
What is ſaid of the Weight, which is equal to the Refiſtance. t, 11912-1934. 
agrees with the Experiments alſo, as. will appear, if a Computation 6 
be made of the Weight, which is equal to. the Reſiſtance, any Ve- + 10 ze 
locity being given of thoſe, which the Water had in the Experi- 
ments. Af | | 
We ſaid that the Velocity of the Water was 2, when the Cock 1944. ö 
was open'd, whoſe Hole was a Circle of half an Inch Diameter, 
the Water being five Feet above this Hole ; ſo that a Cylindric Foot 
of Water might run out in. 46, 66 Seconds +. A Cylindric Foot f 4637. 
would take up 18 Feet in the Pipe continued, in which the Expe- 
riments were made ||. Therefore the Water paſſed thro', the Pipe || 1905. 4 
with a Velocity, with which 18 Feet are run thro', in 46,66 Se- #7 El. . 
conds; and when the Velocity in the Experiment was 6, the ſame 
Space of 18 Feet might be run thro' in 15,55 Seconds, By the | 
Computation, made from what is before demonſtrated , we diſ- 5 wy 374 
cover this to be the Velocity, which a Body acquires, in falling in 
vacuo from an Height of 0,257 Inch; which is but little more than 
a Quarter of an Inch. x reg N 
A Cubic Foot of Water weighs 487360 Grains “; and a Cylin- 3“ 
dric Foot weighs 4382772 Grains; and a Cylindric Inch 221 + 
Grains. 
The Reſiſtance of a Cylinder whoſe. Diameter is half an Inch, 
and that Velocity, which is call'd 6 in the Experiments, is equal to 
the Weight of a Cylinder of Water, whoſe Diameter is half an Inch, 
and whoſe Height is equal to 0,257. Inch * therefore it is equal - 37. 
to 14,23 Gr. 
Now ſuppoſing this Reſiſtance to be in a duplicate Ratio of the 
Velocities &, and the Reſiſtance of the Globe equal to two thirds * 915. 
of the Reſiſtance of the Cylinder +, we made the following Table; f 


in which Parts, leſs than the hundredth Part of a Grain, are over- 
look d. | 


Vo. I, | M m m Pelecities. 
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1930. 
7 1911. 


1946. 


locity: But we 
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Pelecities.. Refiſtences from the ſecond Cauſe. 

Of the Gin Exp.» of > Ghle. 226.4 
5 39. 39- | 26. 26. 
2. 158. 156. 105. 104. 
3- 356. 351. 237. 234 
4. 632. 624. | 421. 416. 
5. 988. 975. 4 659. 650. 
6. 1423. 1404. | 949. 930. 
7. 1937. 1911. | 1291. 1274. 


It is no wonder that there is a ſmall Difference between the Reſt. 


tances, diſcover'd by the Computation, and thoſe, which are found 
by the Experiments; as this Compariſon depends, 1.upon the Mea- 
ſure of the Water that runs out in a certain Time; 2. upon the 


Meaſure | of the Space run thro” by a falling Body in a certain Time 3 


3. upon the Meature of the Weight of a Cubic Foot of Water; and 
4. laſtly, upon the Meafure of the Reſiſtances. In every one of 


theſe four Meaſures ſmall Errors can't be avoided ; yet they are not 


ſuch as to cauſe any Doubt concerning the Experiments. 
In the ſecond Chapter 0! "A | 
Demonſtration in this Chapter, different from that, which is de- 


liver'd there, concerning the Meaſure of Forces, which we affirm'd 
to be proportional to the Squares of the Velocities in the ſame Body *. 


The Demonſtration is this. 


There is no doubt that the Velocity of a Fluid arifing from the 
Preſſure of the. ſuperincumbent Fluid, follows. the ſubduplicate 


Ratio of the Height of the Fluid“; we have demonſtrated in this 
Chapter +, that the Refiſtanee from the ſecond Cauſe follows the 
Ratio of this 5 20 and therefore the duplicate Ratio of the Ve- 
ave alſo ſeen that the ſame Reſiſtance is in the 
Ratio of the Quantity of Force of all the Particles of the Fluid * ; 
therefore that Force is alſo as the Square of the Velocity. Q. D. E. 


SCHOLIUM, 


of Book 2. I faid &, that I would give a 
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SCHOLTIU M. 


The Demonſtrations of N. 1914. and 1915. concerning the Reftance 
of a Cone, and a Globe. | 


ET ABCD, EF G, be Sections of a Cylinder and Cone thro* their 1949. 
Axes, the Diameters of whoſe Baſes are equal; let the Fluid move in Pl. LX. 
the Directions of their Axes. The Plane AB ſuſtains the whole Action of Fig. 6. 
the Fluid, whilſt it continually runs down from every Part along this Sur- 
face. But the Surface FE ſuſtains a leſs Preſſure, and ſo much the leſs, a 
its Obliquity to the Direction of the Motion is greater“: And the Preſſure, 191 7. 
againſt any Point M, is reduced to a Preſſure perpendicular to the Surface, 
if, I M being put in the Direction of the Motion, equal to FE, ML be 
ndicular to F E at M, and I L be drawn parallel to it. Then the 

Preſſure, ariſing from the Motion, is to the Preſſure which the Surface un- 
dergoes, as IM to M L * ; and the Surface F E ſuffers a like Preſſure againſt « 319. 
every Part of it; for the Fluid, which touches every Point of the Surface, 
undergoes ſuch an Action, from the Fluid which continually comes towards 
it. This would not be the Caſe in the Motion of ſeparate Bodies; for then 
the Number of Bodies, running againſt the Surface E F, would be equal 
to the Number of Bodies, which, taking away the Surface E F, could act 
upon the Surface E H; but Fluids act always againſt all the Points of the 
Surfaces, which they preſs. e | 

If the Preſſure along LM be reſolv'd into two, LN being drawn per- 
pendicular to IM, NM will denote the Action, with which the Body is 
driven on, in the Direction of the Motion of the Fluid. 

Now the whole Action upon the Cone is to the Action upon the Cy- 
linder, as the convex Surface of the Cone to the Baſe of the Cylinder; for 
ſuch are the Surfaces, upon which the Preſſures act; that is, as EF is to 
E H: And as the Action, which acts againſt every Part of the Cone, in 
the Direction of the Motion of the Fluid, is to the Action, which drives 
the Cylinder on in every Point, that is, as NM is to IM; the Ratio 
compounded of theſe is the Ratio of the Product E F by NM to the Pro- 
duct of EH by IM. e 
Which Products, becauſe E F, IM, are equal, are as NM to E H, or 
M L ; for theſe Lines are equal, by reaſon of the equal and ſimilar Triangles 
IML, EF H, The Triangles LMN, LMI, are alſo ſimilar“; where- * g, El. 6. 
fore MN is to ML, as ML. is to MI, or as E H is to EF. Therefore 
the Reſiſtance of a Right Cone is to the Reſiſtance of a Right Cylinder, 
ſuppoſing them to have equal Baſes, and to be carried with equal Veloci- 
ties, in the Directions of their Axes, in the ſame Fluid, as the Semidiameter 
of the Baſe is to a Right Line drawn on the Surface of the Cone from the 
Vertex to any Point of the Bafe ; as was faid in N. 1918. 8 

Let us now ſuppoſe the Cylinder and Sphere, having equal Diameters, 1930. 
to be mov*d wich the fame Velocity, in the ſame Fluid, and that the Cy- 
linder is carried in the Direction of its Axis. . 
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Let this be AB LM, whilſt the Sphere is repreſented by D FE G; and 
C is the Center. The Reſiſtance which the infinitely ſmali Part I 7 of the 
Baſe of the Cylinder undergoes, is to the Reſiſtance, which the correſ ponding 
Part Ff of the Surface of the Sphere undergoes, IH, 7h, being drawn pa- 
rallel to the Axis of the Cylinder, and therefore to the Direction of its Mo- 
tion, as Ff is to Fg, which is drawn parallel to AB; which appears by 
applying here the Demonſtration delivered in the foregoing Number. The 
Triangles F fg, FHC, which are both rectangular, and have the Angles 
fFg, CFH, equal, whoſe Complement to a Right Angle is the Angle 
g F C, are ſimilar: Therefore | 

Ff:Fg:: FC, er IH: FH. 

Therefore if I H repreſents the Reſiſtance which the Part I; of the Sur- 
face undergoes, F H will repreſent that, which the correſpondent Part Ff 
of the Surface of the Globe undergoes. And, as this Demonſtration ma 
be apply d to every one of the Points of the Surface of the Hemiſphere 
DF 2 it follows, that the Cylinder A D E B, circumſcrib'd by the He- 
miſphere, is to the Hemiſphere, as the whole Reſiſtance of the Cylinder to 
the whole Reſiſtance of the Sphere; which Reſiſtances therefore are as there 
to two, as was ſaid in N. 1918. | 

From the ſame Principles is deduced; what relates to the Reſiſtances of 
any Bodies whatſoever. For Example, it is eaſily prov'd from hence, that. 
the Re/iſtance of a Right Cylinder, whoſe Height is equal to its Diameter, from: 
the ſecond Cauſe is the ſame, if the Velocity be the ſame, in what Direction ſo- 
ever it is carried. nt leb 


SHAFT N 
Of the Retardation of Bodies mov d in Fluids. 


E have ſeen above that 4 Body mov'd in a Fluid undergoes 
a Reſiſtance +, and that there is a Preſſure contrary to its 

Motion, whereby it is manifeſt that the Body 2s retarded ||. 

As there is a double Reſiſtance, the Body alſo loſes Part of its 
Motion from two Cauſes. | 

As the Nature of the two Ręfiſtances is different, they generate 
different Retardations, in thoſe very Caſes, in which the Preſſures, 
which they exert upon the Body, are equal: Which we deduce from 
a peculiar Examination of both Reſiſtances. DE es 

In the Caſe in which the Body is at reſt, whilſt the Fluid is in mo- 
tion, the Cauſes, which would retard the Body, if it ſhould be in 
motion, now communicate Motion. to it; and the Velocity acquir'd 
is equal to the Retardation, which the Body undergoes, when, the F luid 
being at reſt, the Body is mov'd with that Velocity, which the Fluid 
had in the firſt Caſe *. ESE | x 
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But in the Caſe here mention'd, in which the Fluid is in motion, 1956, 
tbe Cobefion of the Parts can never communicate Motion to the Body 
immediately, but only by means of the Motion of other Particles, as 

has been explain'd + ; which cannot be apply'd in like manner to + 1896. 
the ſecond Cauſe of Reſiſtance, which communicates Motion to the 

Body immediately: Wherefore what relates to the Retardations,, 1957. 
ariſing from the different Reſiſtances, is to be deduced from quite dif- 

erent Principles, 

When the Body is at reft, and the Fluid in motion, the Particles, 1958. 
which run down at the Sides, overcome the Coheſion, and loſe 
ſomething of their Force; which Action muſt be conſider'd, to de- 
termine the Velocity from hence communicated to the Body, but 
it is difficult to determine this Celerity; which nevertheleſs ſhall be 
explain'd in the laſt Scholium of this Chapter, where I ſhall remove. 
ſome Scruples about it. | 

I ſhall here determine the Retardation, which a Body ſuffers in. 
the Caſe, in which it is in motion, and the Fluid at reſt. 

We have ſeen that the Reſiſtance from the firſt Cauſe is of the 19 59. 
ſame kind as the Reſiſtance of ſoft Bodies, whilſt a Cavity is made | 
in them *. * 1887, 

We have alſo ſeen that this Cavity follows the Proportion of the 
Force loſt in making it ; but the Cavity, which a Body makes + 841. 
in a Fluid, whilſt it moves along it, is proportional 70 the Space run 1960. 
thro' : Therefore the Force, loſt from the Reſiſtance from the firſt 
Cauſe, is proportional to this Space alſo. 

A Body, which is projected upwards vertically in a Vacuum, in 
its Aſcent continually loſes a Force proportional to the Space run 
thro' + ; therefore the Retardation, in this Aſcent, follows the ſame + 754. 380. 
Ratio, which the Retardation of a Body, arifing from the Refiſtance, 1961. 
of which ꝛbe are ſpeaking, follows; but the Retardation of a Body 
aſcending is equable ; therefore ſuch is the Retardation alſo, which + 377. 
we are examining. 3 5 

Therefore, as long as the ſame Body is mov'd in the ſame Fluid, in 1962. 
the ſame manner, with what Velocity ſoever it is carried, ſetting aſide 
the Reſiſtance from the fecond Cauſe, in equal Times, it loſes equal De- 
grees of Velocity; and it will loſe its whole Motion, in running . 
thro' a certain Space , which will in the beginning be propor- + 1960. 


this Velocity +. 1 
From hence we find that Bodies mov'd in Fluids will at laſt be at 378. 354. 


reſt, which, admitting the common Opinion, vix. that the Forces 1963. 
are 


tional to the Square of the Velocity *, in a Time, proportional 5 961. 377. 
381. 
+ 1961. 377 
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are proportional to the Velocities, cannot be explain'd without a 
great deal of difficulty, if at all; for the whole Velocity could not 
be conſum' d, except in an infinite Time. N 
The Retardation from the ſecond Cauſe is determin'd, by ſup- 
poſing the Body at reſt, and the Fluid running againſt it; becauſe 
it is more eaſy to find out the Velocity, which is communicated to 
a Body at reſt by a Fluid, than the Retardation which the Body 
ſuffers ; therefore it will be better to conſider this Velocity, which 
does not differ from the Retardation of a Body mov'd along a Fluid 
* 1955. at reſt *, | 
1964. The Preſſure, which the Fluid produces upon the Body at reſt, 
can move the Body immediately; whence it follows, that there is 
communicated an infinitely ſmall Velocity, in an infinitely ſmall, 
conſtant Moment, proportional to the Space, thro which this Body 
at reſt is mov'd, by the immediate Action of the Fluid; which 
* 133. Space is proportional to the Preſſure * ; which follows the Ratio of 
+ 1895- the Square of the Velocity . | 
1965, "Therefore the Diminutions of the Velocity, which a Body mov'd in 
a Fluid, fuffers, in Moments, inſinitely ſmall, and equal, from the 
Reſiſtance from the ſecond Cauſe, are as the Squares of the Velncities 
of the Body. | 
1966, From which Demonſtration it follows, that à Body can never 
loſe its whole Velocity, from the Reſiſtance from the ſecond Cauſe 
only. 
1967. I appears alſo in every Caſe that tbe Retardation, from this Re- 
ſtance, fellows the ſame Ratio as this does, as long as the Body in 
motion contains the ſame Quantity of Matter; but when this is dif- 
1968, ferent, the Retardation is, ceteris paribus, inver/ly as the Quantity of 
* 138. Matter *. From whence we eaſily ſee, how, the Demonſtrations 
in the foregoing Chapter being laid down, the Retardations for dif- 
| ferent Bodies, and different Fluids, may be compar'd together. 
1969. Tn Spheres, Cylinders, or fimilar Cones, for Example, fuppoſing the 
Cylinders-and Cones, to be mov'd in the Direttions of their Axes, the 
Retay dations from the ſecond Cauſe will be directly as the Squares of 
+1967. 1912. the Diameters , as the Squares of the Veloeities *, as the Denfities 
T 1 of the Fuide; and inverſly as the Denſities of the Bodies I, and the 
| 7968. Cubes of the Diameters &: but the direct Ratio of the Squares, 
* regY. and the inverſe Ratio of the Cubes of the Diameters, is reduced to 
the inverſe Ratio of the Diameters; therefore, the laſt and firſt 
Ratio's being join'd, the Retardations are inverſſy as the Drameters. 


Numbers 
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Numbers are found out, in the Ratio compounded of thoſe Ra- 1970. 
tio's, by multiplying, for each Body, the Denſity of the Fluid by 
the Square of the Velocity of the Body, and dividing the Product 

by the Diameter multiply'd by the Denſity of the Body, and the 
Quotients of the Diviſions will expreſs the Relations of the Re- - 
tardations. 

Theſe are alfo diſcover'd, if, for each Body, the Weight, which 1971 
is equal to the Reſiſtance *, be divided by the Weight of the Body; 7. 
for the Quotients are as the Retardations +. + 907.1968. 

Whilſt a Body in a Fluid is retarded, the Retardation is changed '5* 

every Moment, as the Velocity is changed ; whence many Things — 
are deduced concerning the Continuation of Motion of a Body in a 

Fluid, fome of which are demonſtrated in the Scholiums, annex'd 

to this Chapter; a few of them I ſhall mention here. 

Setting afide, as in the laſt Propoſitions, the Reſiſtance from the 1 973. 
Cobefion of Parts, let a Body be mov'd in a Fluid, it will run thro' 
equal Spaces, in unequal Times, which will be in geometrical Pro- 
greſfion ; in which Progreſſion, but inverſe, are the Velocities at the 
Beginnings of theſe Moments. | | 

If a Globe, cr right Cylinder, be mov'd in a Fluid in the Di- 1974. 

rectian of their Axis, the Length of the Cylinder, or Diameter of 
' the Globe, will be to the Spaces reſpectively moved thro' by theſe Bo- 
dies, fo as to loſe half their Velecity, in a Ratio compounded of the 
Denſity of the Fluid to the Denſity of the Body, and that of the Number: 
10000 0 13863. 

But the Retardation of a Body, that is mov'd in a Fluid, depends 1975. 
upon both Cauſes of Refiſtance, and 7s partly eguable , partly as + 1961. I 
the Square of the Velocity &. * 1965. 

Which may be applied to aſcending and deſcending Bodies alſo. 

A Body ſpecifically heavier than a Fluid, which aſcends, or 2 1976. 
fically lighter than a Fluid, which deſcends, befides the Retardation 
arifng from the Inactivity of the Fluid +, ſuffers another equable + 1965. 

Retardation, not only from the Coheſion *, but moreover, fom * 1962. 
the re: pective Gravity , in the firſt Caſe, and from the Force, with + 1491. 376. | 
which it is driven upwards in the Fluid *, in the ſecond Caſe. 1476. 1 

On the contrary, , a Body, ſpecficially heavier than the Fluid, 1977. A 
in which it is immers'd, deſcends, or ſpecifically lighter” than the 1 
Fluid aſcends, it is continually accelerated with a Force, which is i 
equal to the Difference of the ſpecifick Gravities of the Body and | 
Fluid ||, which Acceleration, arifing from Gravity, is equable *: | 1478.151# 
This is diminiſh'd- by the Retardation ariſing from the at 370. 
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but equably f, and the Acceleration is hitherto equable. But as 


the Retardation from the ſecond Cauſe encreaſes with the Velocity, 
the Acceleration is continually diminiſb'd; and the Body comes nearer 


and nearer to a certain determinate Velocity which is the greateſt, 10 
which nevertheleſs it can never arrive. 


1979. 


1980. 


But that is the greateſt Velocity, in which the Retardation is equal 
to the Acceleration; for if the Body ſhould come to this, it would 


continue its Motion equably, the oppoſite Preſſures mutually de- 
{troying one another. 


ACylindric Body acquires this greateſt Velocity, by falling in vacuo 


from an Height, which is to the Length of the Cylinder, if it deſcend; 


+1940.1941. 


in a Fluid in the Direction of its Axis, or in a Globe, to its Dia- 
meter, as the Difference of the Denſity of the Body, mov'd in the 
Fluid, from the Denſity of the Fluid to this Denſity of the Fluid 4; 
namely, if we ſet aſide the Retardation ariſing from the Coheſion of 


Parts : but this being ſuppos'd, the Height will be leſs from which, 


the Body falling in vacuo, acquires the greateſt Velocity, of which 


1981. 
Plate LXI. 
Fig. 2. 

1 414. 
1] 1962, 


we are ſpeaking. 5 
Having now done with the Motions in Right Lines, I ſhall add 
ſomething concerning the Motion of Pendulums. 
Let ABD be the Arc of a Cycloid, in which a Pendulum vi- 


brates ; B the loweſt Point. The Acceleration ariſing from Gravity 


in any Point whatſoever as E, is as EB +; but this is diminiſh'd 


equably by the Coheſion || : let this Diminution be as BF, the Ac- 


celeration will now be as E F, and at A it will be as AF. In the 


Aſcent of the Body, the Retardation at G, ariſing from Gravity, will 


1982. 


be as GB, that from the Coheſion will be as B F, and from theſe 
Cauſes jointly it is as G F; and in the whole Vibration, ſetting aſide 
the other Reſiſtance, the Body is mov'd in reſpect of the Point F, 


as. would be mov'd in vacuo in reſpect of B. 
Therefore we will call the Motion of the Pendulum to F its De- 


ſcent, and the Motion beyond this Point its Aſcent ; for I ſhall ſpeak 
of Pendulums deſcending from the Part A. 

But to demonſtrate, what obtains, when the Pendulum is retarded 
by the Reſiſtance from the ſecond Cauſe alſo, I will ſuppoſe a Re- 


ſiſtance, which generates a Retardation in a Ratio of the Velocity; 


and demonſtrate ſome Propoſitions, upon this Suppoſition ; which 


being deliver'd, it will more eaſily appear, what takes place, when 


1983. 


the Retardation is as the Square of the Velocity. | i 
Now ſuppoſing the Retardation to be in the Ratio of the Velocity, 


let two Pendulums, entirely ſimilar, which vibrate in a Cyclotd, per- 


form 
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form unequal Vibrations, and begin to fall the ſame Moment; they 

begin to move with Velocities, which are as the Arcs deſcrib'd in 

the Deſcent + ; if theſe Impreſſions of the firſt Moment only ſhould + 414. 

be confider'd, after a given Time, the Celerities will be in the ſame 

Ratio as in the Beginning ; for the Retardations, which are as the | 
Velocities themſelves, cannot change their Proportions; for the | 
Ratio between Quantities is not chang'd, by the Addition, or Sub- 
ſtraction, of Quantities in the ſame Ratio ®, Therefore in equal * 16. 17.18. ( 
Times, in what manner ſoever the Celerity of the Body be alter d = | 
from the Reſiſtance during the Motion, Spaces are run thro', which 

are as the Velocities at the Beginning +; that is, as the Arcs to be + 110. 

deſcrib'd in the Deſcent : Therefore, after any Time whatſoever, 

the Bodies are in correſponding Points of theſe Arcs. But the Ac- 

celerations in theſe Points are in the fame Ratio as in the Beginning *; 414. , 
and the Ratio between the Celerities, which is not alter'd from the 

Reſiſtance, undergoes no Alteration from the Acceleration. In the 

Aſcent the Motion of the Bodies is retarded, but, in correſponding 

Points, the Retardations are in the fame Ratio, in which the Ac- 

celcrations are in the Deſcent. Therefore the Celerities are every 

where, in correſponding Points, in the ſame Ratio. But as the Bo- 

dies are in thoſe correſponding Points, in the fame Moments, it fol- 

lows that the Motion of both is deſtroy'd at the.ſame time; that 

is, that therr Vibrations are perform'd in the ſame Time. The Spaces, 

run thro' in the whole Vibrations, as they are paſſed through in 

equal Times, and as the Velocities are in the ſame Ratio to one | 

another, in each Moment, are alſo in this Ratio; that is, the Arcs, 1984. 

of the whole Vibrations, are as the Arcs deſcrib'd in the Deſcent, the 

Doubles of which are the Arcs to be deſcrib'd in YVacuo, Therefore 198 ö. 

the Deficiencies of the Arcs, deſcrib'd in a Fluid, from the Arcs, to 

be deſcrib'd in Vacuo, are the Differences of Quantities in the ſame 

Ratio, and are as tbe Arcs deſcrib'd by the Deſcent kx. * * 

Now let the Retardation encreaſe in a duplicate Ratio of the Ve— 1006 
lacity, and let a Pendulum perform unequal Vibrations, the greater WER. 
will be of longer Duration, becauſe the Reſiſtance encreaſes more 
than in the Caſe N. 1982. . 

Nevertheleſs the Celerities, ſuppoſing the Arcs not very unequal, 1987 il 
in correſponding Points of the Arcs deſcrib'd, are every where nearly X | 
in the ſame Ratio, and indeed in the Ratio of the Arcs deſcrib'd a i 
in the Deſcent. If the Retardation ſhould be in the Ratio of the 1988. q 
Celerity, this Proportion would obtain ; but is now diſturb'd, by | 
reaſon of the greater Reſiſtance in the greater Vibration, whereby I 

Vor, I. Nun the lj; 
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the Motion in this is diminiſh'd more: but is accelerated more from 
a double Cauſe. . 1. This greater Vibration laſts: longer * ; and the 
Body continues longer in a certain Space, than in a correſponding 
Space when the Vibration is ſmaller ; therefore it is accelerated for 
a longer time. 2. The Defect of the Arc deſcrib'd, from the Arc 
to be deſcrib'd in vacuo, is greater, the Proportion being kept, in 
the greater Vibration ; becauſe in this the Retardation differs more 
from the Retardation in the ſmaller Vibration, than in N. 1984. 
Therefore the correſponding Points, keeping the Proportion, are at 
a greater Diſtance from the Point F, in a greater Arc than in a leſs, 
as long as the Body deſcends in it; therefore, the Proportion being 
kept, there is a greater Acceleration in that ; becauſe this is as the 
Diſtance of the Body from the Point F.. Therefore there is a Com- 
. penſation, and the Proportion mention'd is reſtor'd.. In the Aſcent 
of the Body, the Duration of the Retardation concurs with the Re- 
tardation itſelf to diſturb this Proportion; but now the correſponding 
Points in the greater Arc, the Proportion being kept, are at a leſs 
Diſtance from the Point F, than in a leſs Arc, and, keeping the 
Proportion, the Retardation from Gravity is leſs; and thus, the 
Proportion being kept, the Difference of the. Diſtance of the cor- 
reſponding Points from the loweſt Points has encreas'd, ſo that a 
Compenſation is eaſily had from this alone. | 
The Retardations, which are as the Squares of the Celerities, are 
therefore every where, in correſponding Points, nearly as the Squares 
of the Arcs deſcrib'd in the Deſcent ; and, the Sums of all the Re- 
212 Hl. V. tardations will be in the ſame Ratio alſo *, which are tbe Differences 
1989. between the Arcs deſcrib'd in the Deſcent and the next Aſcent. Theſe 
Differences therefore, zf the Vibrations have not been very unequal, 
are nearly as the Squares of the Arcs deſcrib'd in the Deſcent, This 
agrees with the Experiments alſo pretty exactly. 


® 1986. 


AMACHINE, 


Whereby Experiments, concerning the Retardations of Pendulums 
EY are made, 


1990. The Trough AB three Feet long, and one Foot broad and one 
Place LXI. Foot high, is fill'd with Water; the Pendulum gp is ſuſpended by 
Pg: 3: the Plate 7, which is fix'd, and anſwers to the Middle of the 

Trough. This Pendulum conſiſts of a Braſs Wire g h, ſeven or 

eight Feet long, and of a leaden Ball p, of an Inch and a half Di- 

ameter, When the Pendulum is at ret, the Ball is at the Diſtance 
O 
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of three Inches from the Bottom of the Trough. At P there is a 
larger Ball of Lead, of three Inches Diameter, join'd to the Wire 
mention d; that the Ball p may be leſs retarded in the Water. 
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The Plate 7 above- mention'd 1s repreſented by itſelf at I; it is Fig. 4. 


faſten'd by two Screws which go into the Wood, and to it are join'd 
two ſmaller Plates L and M, which have Holes in them to receive 
the Axis, upon which the Pendulum moves, This Axis is ſharp 
underneath, like the Axis of a Balance Beam, and is faſten'd to the 
ſolid Piece of Braſs O, which is join'd to the Wire of the Pendu- 
lum. The Axis is put into the Holes, by removing the Plate M, 
which, being again applied, is faſten'd by means of the Screw 7. 


Along the Trough, upon the Edges of it, may be mov'd a ſmall Fig. 3: 


Board about five Inches high, to which are applied the divided Braſs 
Rulers, CD, CD, and the Indices F, F, to meaſure the Angles, de- 
ſcrib'd by the Pendulum in its Deſcent and Aſcent, by the Method 
deliver'd in N. 737. 


EXPERIMENT. 


Place the Rulers C D, CD, in ſuch manner, that the Ends D, D 
may anſwer to the Pendulum, when it is at reſt, and that the Di- 
ſtance between thoſe Ends may be equal to the Diameter of the 
Braſs Wire to which the Bodies P, ↄ are join d. Let go the Pendu- 
lum from different Heights ſucceſſively, which in every Caſe are 
mark' d by the Index: The Heights are diſcover'd to which the 
Pendulum aſcends, if it be let go ſeveral times from the ſame Height, 
and one of the Indices be alter'd, till the Pendulum comes to it in 
its Aſcent ; but does not reach the Index, if it be remov'd a little. 

The Differences of the Arcs, deſcrib'd in the Aſcent and Deſcent, 
will be nearly to one another as the Squares of the Arcs deſcrib'd in 
the Deſcent, if we have regard to this, that each of the Vibrations 
muſt be diminiſh'd equally, becauſe of the Reſiſtance from the Co- 
heſion of the Parts. 

But it muſt be obſerv'd, that the Pendulum is not to be let down, 
except when the Surface of the Water is at reſt, 
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SCHOLIUM I. 
Of the Logarithmic Line. 


HAT is demonitrated in the following Scholiums, concerning the 

Retardations of Bodies, mov'd in Fluids, is founded upon the Pro- 
perties of the logarithmic Line. Therefore I ſhall explain the Formation 
of this Curve, and the Properties of it, which we ſhall have occaſion for in 
what follows. 
Let AB be a Right Line, and let AD, DF, FH, c. be infinitely 
ſmall Parts in it, which are equal to one another. Moreover, let A C, 
DE, FG, HI, Sc. be perpendicular to A B, the Difference between which 
is infinitely ſmall, and let them be in geometrical Progreſſion continued. 


Now if a Curve paſles thro* the Ends C, E, G, I, Sc. this will be a lo- 


garithmic Line, whoſe Aſymptote AB will be, to which the Curve con- 
tinually approaches, but can never reach it. 

There is the ſame Ratio between any two Ordinates whatſoever, if there is 
the ſame Diſtance between them. - 

ACisto HI, as LM is to RS, if the Diſtance AH be equal to the Diſtance 


LR. For the Ratio, which is given between A C and H I, is compounded 


of the Ratio's of A C to DE, of DE to FG, and FG to HI; the Ratio 


of LM to RS, is compounded of the Ratio's of LM to NO, of NO 
to P Q, and PQto RS: The compounding Ratio's are equal one to the 
other *; and the Number of the compounding Ratio's, in each Caſe, is 


the ſame; by reaſon of the equal Diſtances A H, LR: Therefore the com- 
pound Ratio's are equal allo. Q. E. D. 


DEFINITION 1. 


The correſpondent Abſciſs of any Ordinate is call'd the: Logarithm of that Or- 


dinate, whereſoever the Begiuning of the Abſciſſes be ſuppos d. 


: DEFINITION 2. 


The Diſtance between two Ordinates is calPd the Logarithm of the Rais. 
which is given between them,» And it is the Difference of the Logarithms of 
the Ordinates themſelves. | 


AH and L R being again put equal, we have 
AC:HI::LM:RS#®,; and by Diviſion 
AC—HI=TC:AC::LM—RS=VM:LM+. Wherefore 

* TC:VM:: AC: LMP. 
. That is, the Ordinates are to one another, as the Differences of every one of 
them from the other Ordinates, which are equally diſtant from them. | 
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In any Point whatſoevtr C, of the Logarithmic C M, the Tangent C T kl. LXII. 
being drawn, which cuts the Aſymptote at T, he Subtangent AT is had: Fig. 2. 
and this ig conſtant in all Points of the Curve; and the Tangent M V being 


drawn at M, AT, LV, will be equal. To make this appear, let AD, LN, 


be infinitely ſmall, and equal; and the Ordinates D E, NO, being drawn, 2 
let Ec, O m, be parallel to AB. The Triangles Cc E, C AT, are ſimilar ; ** 
as alſo M O and M LV; therefore 
cen E:: A: AL; wy Ateen, Ce: CA:: eE : ATH; alſo, 
Mm:mO:: ML: LV, by Altern. Mm: ML:: O: LV. 
But Ce: Mm: : CA: ML“, and by Altern. Ce: CA:: M: ML; 
therefore alſo c E: AT :: O0: LV. But c E, n O, are equal; there- 
fore alſo AT, LV. Which was to be demonſtrated. | 
If the Ordinates A C, DE, FG, HI, Sc. being kept, and the Equa- 


1996. 


lity of the Diſtances AD, DF, FH, Sc. being kept alſo, theſe Diſtances pi. 1301. 


be encreas'd or diminiſh'd, it is manifeſt that the Logarithmic is alter'd, Fig. 1, 2. 
and that the Subtangent is alter'd alſo in the ſame Ratio in which theſe Diſ- 

tances are alter*d ; for in the Triangle CcE, the Side Cc being kept, if 

c E be alter'd in the ſimilar Triangle C A T, whoſe Side C A is kept, AT 

will be alter'd in the ſame Ratio with c E. 

In the ſame Ratio alſo, in which all the ſmaller Diſtances are chang'd, Fig. 1. 
the Sums of any Diſtances whatſoever are chang*d ; that is, as AD is 
chang'd, fo is A H chang'd alſo, the Logarithm of the Ratio of AC to 9ooo, 
HI; whence it follows, that in different Logarithmics the Subtangents are to 
one another, as the Logarithms of the equal Ratio's are. | 

In the Tables of Logarithms, which are publiſh'd, the Logarithm of the 2001. 
Ratio of one to ten is Unity itſelf ; and the Logarithms of the intermediate 
Ratio's are expreſſed by decimal Fractions, and the Subtangent of the lo- 
garithmic Line is 0,43429.44819. 


SCHOLIUM II. 
Of Retardation in general. 


Etardation and Acceleration is meaſur*d, ſuppoſing Moments infinitely ſmall 2002. 
and equal; the Retardation, which depends upon the firſt Cauſe, is ſaid 
to be equable, becauſe the Diminutions of the Velocity, in equal Times, are 
equal *. The Retardation from the ſecond Cauſe is ſaid to be as the Square 1962. 
of the Velocity, becauſe the Diminutions, in Moments infinitely ſmall and 
equal, are as theſe Squares T. | a Þ+ 1965. 
But in every one of the Moments infinitely ſmall, the Retardations and Acce- 2003; 
lerations, during the Moment, are equable ; for in ſuch a Moment the Change * 
in the reſpective Action may be look*d upon as nothing; therefore, if the 
Moments differ, the Retardations and Accelerations will be as the Moments 2004. 
themſelves; that is, theſe are in Moments infinitely ſmall and unequal, 55 a 
: | | 10 
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Ratio compounded of the Ratio of the Retardations and Accelerations, ſuppoſing 


* 2002. the Moments equal , and of the Ratio of the unequal Moments . 
T 2003. When the infinitely fmall Spaces are equal, the Moments in which all the 
| 120. ſmall Spaces are paſſed thro', are inverſly as the Velocities || ; therefore / 


2005, Retardations and Accelerations which a Body undergoes, in running thro ever 
one of thoſe ſmall and equal Spaces, are direttly as the Retaraations, ſup- 
® 2004 Poſing the Moments equal, and inverſely as the Velocities *. 
2006. Therefore in the Retardation from the firſt Cauſe, if the infinitely ſmall 
Spaces are equal, the Diminutions of the Velocity are inverſely as the Velo- 
® 1962. cities 
2007. In the Retardation from the ſecond Cauſe the Diminutions of the Velociiy 
are, in equal Spaces, directly as the Squares of the Velocities, and inverſly 
#1965. 2004. as the Velocities themſelves * ; that is, direttly as the Velocities, 


SCHOLIUM III. 


Of Retardation from the firſt Cauſe. 


2008. ET AC be the Space, in which a Body loſes its whole Velocity, when 
Plate LXI. it is retarded from the firſt Cauſe alone, whilſt the Velocity at the Be- 
Fig. 5. ginning is repreſented by the Line A D. 

Whulſt this Space A C is run thro* by the Body, it undergoes the ſame 

Changes to which an aſcending Body is ſubject, which ſhould be retarded 

by Gravity alone, and which, in aſcending to the Height A C, ſhould loſe 

+ 377, 1962. its whole Velocity . Therefore the Square of the Velocity at A is to the 
+ 380. 374. Square of the Velocity at any other Point whatſoever B, as AC to BC. 
Therefore if AD be to B E, in the ſubduplicate Ratio of AC to BC, BE 

will repreſent the Velocity at B. But there is given this Ratio between the 


Ordinates of the Parabola, which paſſes thro* C and D, C being ſuppos'd 
La Hire the End of the Diameter A C ||. 


See. con.B.3. Therefore, if the Diameter of the Parabola repreſents the Space run thr, 
P E the Ordinates to the Diameter will repreſent the Velocities, in any Points 


whatſoever, if the Body be retarded from the firſt Cauſe only, or undergoes 
any otber equable Retardation whatſoever. 


If the infinitely ſmall Spaces A @ and B þ be equal, the Diminutions of 

2006. the Velocities DF, G E, will be inverſly as the Velocities AD, BE*; if 

A & or Bb be changed, DF or G E is changed in the fame Ratio; there- 

2010. fore in the Parabola, the infinitely ſmall Differences of the neighbouring Or- 

 dinates are direfly as the Differences of the correſponding Abſciſſes, and in- 

werſly as the Ordinates themſelves. Which alſo might have been deduced 
tom the Conſideration of the Parabola alone. | 

2011, If there be two Bodies given, carried with equal Velocities, which ſuffer 

FP few Refiſtances from the firſt Cauſe, or in general different, equable Re- 

ſtances, the Spaces, in paſſing thro* which the whole Velocities are conſum d, 

are inverſely as the Retardations in equal Moments; as is eaſily deduced from 

the Demonſtrations concerning Aſcent upon inclin'd Planes, For with 

Ft equ 
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equal Velocities Bodies aſcend to the fame Height on different Planes ; 399. 
that is, the Spaces, in running thro? which they loſe their Velocities, are as 

the Length of the Planes, ſuppoſing the Heights equal; but in this Caſe 

the Preſſures, whereby the Bodies endeavour to deſcend along theſe Planes 

which are as the Velocities communicated in the ſame time, or taken away, * 341, 
are in the inverſe Ratio of the Lengths *. Q, E. D. 


SCHOLIUM IV. 
Of Retardation from the ſecond Cauſe. 


F AB, the Aſymptote of the logarithmic Curve, repreſents the Space run 2012. 
_ thro by a Body in a Fluid, the Velocities, in every one of the Points, may Pl. LXII. 
be repreſented by the Ordinates; for the Decrements of the Velocities, in the Fig. 1. 
infinitely ſmall and equal Spaces, AD, DF, FH, Sc. are as the Veloci- 
ties themſelves *, and the Decrements of the Ordinates AC, DE, FG,“ 2007. 
Ec. as the Ordinates themſelves ＋. + 1996. 
Whence it follows that, if the Spaces are equal, as AL, LX, XB, the 2013. 
Velocities in the Points A, L, X, B, which are denoted by the Ordinates 
AC, LM, XZ, BK, are in geometrical Progreſſion * ; as we obſery*d “ 1993. 


in N. 1973. | 
Loet AT be the Aſymptote of the logarithmic Curve; BY the logarithmic 2014. 
Curve; BM its Continuation, being in a contrary Poſition. Plate LXII. 


Now if we take any Ordinate whatſoever, as T V M, the Logarithm of Fig. 3. 
the Ratio of T M to A B is AT *, which alſo is the Logarithm of the Ratio * 1995. 
of AB to T Y ; therefore TM, AB, T Y, are in continued Proportion Þ : Þ 1993. 
and the Square of A B is equal to TMxTY ||; and all the Rectangles as || 17 El. 6. 
TYxTM, SX XSL; PExPG, Sc. are equal to the ſame Square of 
A B, and therefore to one another, 

Therefore the Ordinates encreaſe, which are terminated by the Curve 2015. 
B M, as the correſponding ones are diminiſh'd, which are terminated by 
the CurveBY ; and the firſt are inverſely as the ſecond, 

All the infinitely ſmall Spaces are run thro* with an equable Velocity; 2016- 
therefore the Moments, 1n which ſmall and equal Spaces A C, CP, PQ, 

Sc. are run thro', are inverſely as the Velocities, in which they are run 
thro' Þ ; that is, inverſely as AB, CD, PE, Sc.; or directly as AB, + 120. - 
CF, PG, Sc. t; which are as the Differences, Bb, FE, Ge, Sc. 127 

Therefore the whole Time, in which a Line as A Q is run thro? is repre- 3 4-4 
ſented by all theſe Differences jointly, that is, by the Line NH; in the 
ſame manner OM repreſents the time, in which Q is run thro? : but if | 
the Spaces A Q, QT, be equal, NH will be to OM, as H to T M *; * 1996. 


that is, inverſely CK to T Y +, or ABtoQK|. | 1 
Therefore the Times, in which the a Spaces are run thro? ſucceſſively, * 2 017, 
are inverſely as the Velocitics at the End, or inverſely as the Velocities at 


the Beginnings of the Spaces; as was ſaid in N. 1973, 
| | Let 
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Let us again ſuppoſe a Body, which is mov'd in the Line AB, and re- 
tarded from the ſecond Caule only ; let A C be the Velocity at A, and CM 
the logarithmic Curve, which determines the Velocity in the other Points “*; 
that we may make uſe of this Curve and the Tables, in the Computations, it 
is neceſſary, that we determine the Magnitude of the Subtangent of the 
logarithmic Curve, which may be-of uſe in any Caſe whatſoever that is pro- 
pos'd; or, which is the ſame thing, we ſhould determine, what Space is 
repreſented by the Subtangent in any given Figure whatſoever, 

Let us ſuppole A C to be the Velocity, with which if a Body be carricd 
in à Fluid, the Reſiſtance from the ſecond Cauſe will be equal to the Weight 
of the Body. 

Therefore the Weight of the Body, that is, the Preſſure from Gravity, 
which retards the aſcending Body, is equal to the Preſſure, which the Body, 
of, which we are ſpeaking, ſuffers from the Reſiſtance from the ſecond Cauſe, 
By both theſe Preſſures the Body is immediately mov'd, when they act upon 
it; therefore the ſame Motion of the ſame Body can be equally chang'd by 
them; and the Retardation, which the Body ſuffers in the Fluid in the firſt 
Motion, is equal to the Velocity, which in an equal Moment an aſcending 
Body, and which is retarded by Gravity, loſes. 

Now let Cc be the Retardation which the Body ſuffers in running thro? 
AD, Cc will be the Velocity, which the Body loſes, in aſcending to the 
Height AD, when it is retarded by Gravity, Let us now ſuppoſe a Pa- 
rabola deſcrib'd, whoſe Axis let A B be, and which paſſes thro? the Points 
C and E, that is, let it have the ſame Tangent CT as the logarithmic Curve, 
which paſſes thro? C and E, and whoſe Aſymptote is AB. | 
The Ordinates of this logarithmic Curve will denote the Velocities of the 
Body mov'd in the Fluid, whoſe Velocity at A is AC *: and AX the 
Axis of the Parabola, whoſe Vertex is X, will ſhew the Height, to which 
the Body, projected upwards with the Velocity A C, and retarded by Gra- 
vity alone, can aſcend .; therefore X A, the half of the Subtangent AT | 
denotes the Height from which a Body falling in vacuo acquires a Velocity, wit! 
which if the Body be mov'd along the Fluid, it ſuffers a Reſiſtance equal to the 
B. 2. Weight of the Body itſelf, which Height is given *. 

"  »; Theſe things being ſuppos'd, the reſt is a natural Conſequence. Let AL 


* 
- 


be the Space run thro? by the Bodw x. 

AX, the Height from which a Body, falling in vacuo, acquires a Ve- 
locity, which gives a W N equal to the Weight of the Body, is to AL, the 
Space run thro? by the Body in the Fluid, ſo is the half of the Subtangent of the 
Tables; that is, A X, expreſſed in Numbers of the Tables, to A L denoted 

by che ame Numbers, that is, as 0,21714.72409. * io the Logorithm of the 


+ 2012. » Ratio between the Velocities at thè Beginning and at the End of the Space +. 


202 3. 5 1 


_ Any Numbers whatſoever in the Tables, the Difference of whoſe Loga- 
- Tithms is the Logarithm found of the Ratio, are to one ano: her as theſe 


- 1995-1993. Velocities *. THO | 
2024. By the ſame Rule, the Ratio between the Velocities at the Beginning and 


End of the Space run thro? being given, this Space is diſcover'd. bs 
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The Logarithm of the Ratio of 2. to 1. is had, by ſubſtracting from the 202 5˙ 

Logarithm of the Number two o, 30 102. 999g. the Log. o. of Unity; 

therefore as o, 21714. 7240, is to o, 30102. 99967, that is, as 10000000000, 

is to 13862945972, ſo is the Height from which a Body, falling in vacuo, 

acquires a Velocity, which gives a Reſiſtance equal to the Weight, to the 

Space, in which the Body loſes half its Velocity . This agrees with what * 2021. 

is deliver'd in N. 1974. | | 
F in any Point whatſcever, the Retardation from the ſecond Cauſe be- 2026. 

comes equable, the Space in which the whole Velocity is deſftroy'd is repreſented 

by the half Sub-tangent, as follows from the Demonſtration N. 2049, W 

which may be apply d here alſo ; but as the Subtangent is conſtant “, it fol- 1997. 

lows alſo that in an homogeneous Fluid, fuch as we ſuppoſe here, that Space 

is not changed, howſoever the Velocity be alter*d; and that this is egual to 

the Height from which a Body, falling in vacuo, acquires a Velocity, which 

being given, the Reſiſtance is equal to the Weight f. T 2020, 


SCHOLIUM V. 
Of both Retardationt jointly. 


ET AM be the Line, which the Body runs thro? in the Fluid; let 2029, 
this be the Aſymptote of the logarithmic Curve I S P, of which AT is Pl. LXII. 
an Ordinate; moreover, let G F B be a Parabola, whoſe Axis is I B, and Fig. 4. 
Vertex B, its Ordinate G parallel to A M, its Parameter BI: If AB be 
to BI, as the Retardation from the firſt Cauſe is to the Retardation from 
the ſecond in the Point A, the Velocity in any Point whatſoever, as C, may 
be determin'd. For if in this Point there be given CD, perpendicular to 
AM, an Ordinate of the logarithmic Curve, and thro* D, D F be drawn 
parallel to IG and AM, GI and FE will be as the Velocities in the Points 
A and C, if the logarithmic Curve be rightly determin'd z of determining 
which I ſhall preſently ſpeak. | 6 | 
To demonſtrate this we ſuppoſe A a and Ce infinitely ſmall and equal; 2028. 
if the Velocities, in the Points 4 and c, as in the Point C be determin'd, 
theſe will be K H and ef; therefore the Decrements of the Velocities, whilſt 
the equal Spaces As, Cc are run thro', are Gg and FL; we muſt de- 
monſtrate, if G g be reſolv'd into two Parts which are as AB to BI, that 
FL may be reſolv'd into two, in ſuch manner, that the firſt Parts of each 
Decrement may be inverſely as GI to FE“, and the ſecond directly in the“ 2006. 
ſame Ratio of GI, or BI, (becauſe this is the Parameter of the Parabola) + L Hire 


: BI. 
to FE; that is, we muſt prove that Gg is to FL, as 6161 is A 
an FE. | 
Pct - 


Vor. I. Ooo But 


See. con. B. 3. 


La Hire 
See. con. B. 3. 
Prop. 2. 


* 2027. 


2329. 


2030, 


2031. 


La Hire 
ef+. con. B. 2. 
Prop. 20. 


BE BEX FE BEX FE FE FE 
But —— = ke 


FE FExFE - BExBI © BI GI ue that 
BI, GT are equal: Therefore Gg FI. = + =o: 2B EE 


W hich was to be demonſtrated, 
The Space in which the Body loſes its whole Velocity is BP, or A 2 


for the Velocity in the Point Qis none “. 


Now to determine the logarithmic Curve, let this Figure ſerve for the 
Computation alſo, the Space, repreſented by the given Line, is to be de- 
termin'd ; as alſo the Ratio which is given between I B and B A; which we 
cannot arrive at, without Experiments made concerning the Retardations 
themſelves, 

Therefore we ſuppoſe the Space A Q to have been diſcover'd by Experi- 
ment, in which the Body loſes its whole Velocity; which Space being- given, 
the Ratio between AB and BI, which is he Ratio of the Retardations in 
the Point A, namely at the beginning, may be diſtover d, in the following 
manner, 

The Velocity in A 1s repreſented: by-the Line GT, or BI equal toit; and 
the Retardation, whilſt the Space A à is run thro', is G g, as we have ſeen ; 
this (by reaſon of the Subtangent of the Parabola being double the Abſcits 
BI, and therefore double G I) is half of g H, or i K. 

The Line I& O touches the logarithmic Curve I S P; taking AM double 
of AO, and drawing I M, which cuts xi in m, ki will be double i, 
which therefore is equal to G g, and repreſents the Retardation, © 

Let MT be parallel to AI ; which BP produced cuts at N; ſo that 
AB, MN, and BI, NT allo, may be equal; therefore drawing IN, 
which cuts 27 in à AB, will be to BI, that is, the firſt Retardation to the 
ſecond in the Point A, as m is to ni; therefore theſe repreſent ſeparately 
each Retardation; for the Sum denotes the Retardations jointly. 

Now en i is the Retardation; which the Body ſuffers from the ſecond 
Cauſe alone, whilſt B I, which is equal to G I, expreſſes the Velocity at A. 
Therefore if we ſuppoſe the logarithmic Curve IR, whoſe Aſymptote is 


B N, and which paſſes. thro* I and , B R will denote the Velocity which 


® 2012; 
+ 2022. 


the Body, if it ſhould be retarded from the ſecond Caule only, would have 


left, in running thro? the Space A — or B P * diſcover'd by. the Experi- 
ment; and the Ratio between BI and P R may be diſcover'd F. 


The Subtangent of the logarithmic Curve I R is BN, or AM the double 
of AO, which is the Subtangent. of, the logarithmic Curve IP. 


Therefore 
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Therefore if A Q, equal to B P, the Logarithm of the Ratio of BI to 

PR, be divided into two equal Parts at V, and VS be given perpendicular 

to AQ, BI will be to PR, as AI to VS“. But AI, VS, QP are in * 2000. 


continued Proportion ; therefore A 1 is to VS., that is, BI is to PR + 1993. 
as A is to QP, or AB; and by Diviſion ä 
BI — PRI: PRI :: AI—= AB S BI: AB. 

Which may be thus expreſſed: As the Square of the Velocity of the Body 
in the beginning minus the Square of the Velocity, which, if the Body ſhould be 
retarded from the ſecond Cauſe alone, it would have remaining, after a Space 
run thre*, in which, whilſt it is retarded from both Cauſes, it loſes its whole 
Motion, is to this laſt Square; ſo is the Retardation from the ſecond Cauſe to 
the Retardation from the firſt, in the firſt Moment of the Motion. | 

Theſe things being premis'd, we diſcover by Computation the Velocity 2033. 
in any given Point whatſoever of the Line A Q, as C. 

We ſeek in the Numbers of the Tables the Logarithm of the Ratio of 
BI to PR, which is the Logarithm of the Ratio of AI to VS; if this » ,-,, 
be doubled, we have the Number that repreſents A Q, if we ſuppoſe IS P 
to be the logarithmic Curve of the Tables: for the Demonſtrations may be 
applied to any logarithmic Curve whatſoever ; let this Number be call'd L. 

As the Space A Q, in which the Body loſes its whale Motion, is to the 
given Space A C, that is, as AQ is to AC, ſo is L to the Logarithm of 
the Ratio of AItoCDorAlto AE; which therefore is given, and way 
be denoted by the Letter M. V 

Now taking a Number at pleaſure, which denotes Al, the Logarithm 
AI- M will be the Logarithm of the Number which denotes C D *, or 1996. 
AE. The Logarithm AI -L is the Logarithm of the Number, that de- 
notes QP, or AB; which Numbers we determine : therefore there are 
three Numbers given, which are to one another as AI, AE, AB; where- 
fore the laſt being ſubſtracted from the two firſt, there remain Numbers, 4 2927- 
which are as BI to BE, that is, as the Squares of the Velocitics at A and 9 8 
C +, at the beginning and given Point. "A * 

By a contrary Operation, the Velocities GI and F E being given, and 2034. 
the Space AQ alſo, in which the Body loſes its whole Velocity, «the Point 
C is diſcover'd. For AQ being given, the Ratio between BI and B A * * 2032. 
is diſcover'd; and taking a Number, which expreſſes the Velocity GI, 
equal to BI, B A is given; but as G I is to F E, fois BI to BE, there- 
fore the Number is given that expreſſes this Line; and therefore we de- 
termine Numbers, which are to one another as AB, A E, AI. But it ap- 
pears from the Demonſtrations *, that as the Difference of the Logarithm » 2028. 
AI, AB, is to the Difference of the Logarithm AI, AE, fois AQ to 
AC, the Space run thro', which is therefore diſcover'd. | 

C Q, the Space in which the Body loſes its whole Motion, is determin'd 2035. 
alſo, a different Velocity F E being given in the beginning, by ſubſtracting 
AC from AQ. | 


2032. 


Ooo 2 We 
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® 1940. 


2037. 


® 2022. 


+ 2000, 


* 2025. 


2038. 
* 2011. 
+2032.2037. 

2039. 


1852 


2040. 


® 377. 1961. 
2041. 


2042. 


„2035. 
2043. 
＋ 2033. 


2044. 


* 2038. 


2045. 
2046. 
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We ſuppos'd the Space A * have been diſcover'd by Experiment, in 
which the Body loſes its whole Velocity, when at A; that is, in the begin- 
ning, it has the Velocity with which the Experiment was made. But if 
the Experiment had been made, any other Velocity being given; ſuch, for 
example, as ſhould be. to the Velocity in the beginning, as F E to GI *, 
we might make the ſame Computations. 

The Space diſcover'd by the Experiment is CQ. If we ſuppoſe IR 
to be the logarithmic Curve of the Tables, as BI is equal to GI the Velocity 
at A, we diſcover the Number of the Tables that expreſſes X P ®, or C Q; 
this Number expreſſes the half of C Q, if we conſider the logarithmic Curve 
INE T4 r ny the Number being doubled, we have CQ, the Lo- 
garithm of the Ratio between CD and Q, that is, A E and AB, But 
as. the Ratio between FE and GI is given, the Ratio between BE, BI, is 
given alſo, which is the Duplicate of that; from which we deduce the 
Numbers which are as BI to AB, as in N. 2031, | 
| Now if we ſuppoſe, the Velocity GI being given, the Retardation from 
the ſecond Cauſe to take place only, and that this becomes equable, there is 
given the Space in which the whole Velocity is deſtroy*d * ; but this Space 
is to the Space, in which the whole Velocity is deſtroy*d from the Rejiſtance from 
the firſt Cauſe only, as AB is to BI“, which Ratio as it is given 4, this 
Space is determin'd alſo, But theſe Spaces, in different Fluids, are inverſely as 
the Coheſion of the Parts ||. 


SCHOLIUM VI. 
Of Badies projected upwards. 


Body, ſpecifically heavier than a Fluid, which is projefted utwards in 
it, is retarded from three Cauſes, from Gravity, and the two Cauſes. 
explain'd in this Chapter, The Retardation from Gravity, and from the 
firit Cauſe, are both equable *, and being join'd, only cauſe an equable 
Retardation ; wherefore what is demonſtrated in the Scholium above, may be 
applied tere allo, 
| Therefore if it appears by one Experiment only, to what Height a Body: 
aſcends in a Fluid, with a given Velocity, the following Problems are ſolv'd. 
1. The Height is diſcover*d, to which a Body can aſcend, with any other 
given Velocity whatſoever *. | 
2. The Velocity at the beginning being given, the Velocity in the given 
Point is found . | Me: 
3. The Velocity being given, the Space is diſcover*d, in which, ſetting aſide 
the Reſiſtance of the ſecond Cauſe, the Body would loſe its Motion, from the 
Retardation only from the reſpective Gravity and Cohefion jointly *. 
4. The Space is diſcover'd in which the Body, mov'd with a given Velo- 
city, would loſe its Motion frem the Coheſion alone. | 
For as the Velocity is given, the Height is given, to which the Body can 
aſcend in vacuo; this is to the Height to which the Body aſcends - . 
uid, 
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Fluid, whilſt it is retarded by the reſpective Gravity alone, as this reſpective 
Gravity is to the whole Weight ®. 

But this laſt Height is to the Height, to which the Body aſcends, whilſt 
it is retarded by the reſpective Gravity and Coheſion, which Height is alſo 

ven Þ, as the Retardation from thoſe two Cauſes is to the Retardation + 2044. 
Now the reſp:Etive Gravity alone ||. | 2011. 

Therefore by Diviſion as the Difference of theſe Heights is to the laſt 2047. 
Height, ſo is the Retardation from the Coheſion lo the Retardation from the 
reſpective Gravity; and in the ſame Ratio is the Height, whilſt the reſpective 
Gravity alone retards, to the Space, in which the Motion is loſt by the Co- 
heſion alone “. 2011. 

5. Laſtly, the Velocity being given, we diſcover the Space, in which the 2048. 
Body weuld boſe its Motion, in an horizontal Motion, whilſt it is retarded by 
the Cobeſian and Inertia. Which muſt be faither explain'd. 

In the foregoing Computation there is given the Ratio between the Re- 2049. 
tardation from the Coheſion and Retardation from the reſpective Gravity v. 2047. 
Therefore the Ratio between the firſt of theſe and the Sum of them is 
given alſo. The Height alſo is given, to which a Body aſcends, with a 
given Velocity, whillt it loſes its whole Motion, waen it is retarded from 
theſe two Cauſes, and the Inertia alſo f; whence we deduce the Ratio, f 2042. If 
which is given between the Retardation from the Coheſion and from the 40 
reſpective Gravity jointly, that is, between the ſaid Sum, and the Retar- 
dation from the Inertia . The Ratio which is compounded of theſe two * 2032. 
Ratio's, is that, which is given between the Retardation from the Coheſion | | 
and the Retardation from the Inertia, If we refer this to the Figure of the "4 
foregoing Scholium, the Ratio between A B and BI is given, GI being Plate LXIT. hl; 
ſuppos'd the Velocity, of which we are ſpeaking ; and A Q is ſought ; FE Fig. 4. 
might indced be taken for the Velocity propos'd, in which Caſe, the Pa- | 
rameter BI of the Parabola would be to be diſcover'd, from the Ratio be- 4 
tween BE and F E; but it is needleſs to confine one's ſelf to a determin'd | 
Figure, | 5 5 

, "ood the known Ratio between A B and BI may be deduced the Ratio | | 
of BI to PR®; which being given BP +, or AQ is diſcover'd. * 2031. 


A Body ſpecifically hghter than a Fluid, is carried upwards in it in the . 


2011. 


fame manner, as one heavier than a Fluid goes towards the Bottom of it; 
wherefore the Demonſtrations in this Scholium may be applied to Bodies 
ſpecifically lighter than Fluids, which deſcend in them with an impreſſed 
Motion, 


SCHOLIUM VII. 

Of Bodies falling in Fluids. 
Body, which falls in a Fluid ſpontaneouſly, is continually accelerated 20 51. 
eguably *; but in the mean time it ſuffers a Ręſiſtance, which is as tbe 370. 1961. 


Square of the Velocity t. What 1905. 
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What relates to this Motion, is alſo repreſented by a Parabola, and lo- 
garithmic Curve, 

2062. Let QA R be the Aſymptote of the logarithmic Curve B DH, A B an 
pl. LXII. Ordinate of this Curve perpendicular to the Aſymptote; which alſo is the 
Fig. 5. Axis of the Parabola B FQ, whoſe Parameter we ſuppoſe A to be, and its 

Vertex at B. 

If A R repreſents the Space run thro? in falling, the Point from which 
the Body is let down being ſuppos'd at A, the Velocity in any Point what- 
ſoever as C, is determin'd by drawing CD parallel to A B, and thro? 
D, DEF parallel toR AQ; EF the Ordinate of the Parabola will denote 
the Velocity ſought, whilſt A Q expreſſes the greateſt Velocity, to which 
the Body does not arrive, till after the Space A R, produced in inſinitum, is 
run thro”, | 

Theſe things will appear if, the infinitely ſmall and equal Spaces Cc, G x 
being taken at pleaſure, we demonſtrate the Increaſes of the Velocities, 
which are here expreſſed by the Lines FL and & M, to be to one another 
inverſely as the Line F E and K I, which we ſay expreſs the Velocities, Parts 

+ 2006.2007. being taken away, which are as theſe Lines FE and KI F. 
2051. Ee BA SE GH BA 


* 2010. IL: IM; FE ff re 


+ 1996. * BI 
99 17 5 : 
BE FE 
La Hire dect. — 1 33 
ND. How But BEXBA=FExFE |; therefore FF = 5 I In the ſame 
85 BI ¹*K 1 


* KI = BA Therefore 


„ 


l -- BA: 
Which was to be demonſtrated. 


2053. That we may make uſe of this Figure in the Computation, the greateſt 
Velocity, to which the Body can arrive, and which is repreſented by QA, 
muſt be determin'd: | | 

Therefore we ſeck the Velocity, which being given, the Retardation from 
the ſecond Cauſe is equal to the Acceleration from the reſpective Weight, 
taking away the Retardation from the firſt Cauſe ; for this is the uniform 
Acceleration, which is to be deſtroy'd by the Retardation from the ſecond 

® 1979. Cauſe, that the Acceleration may ceaſe ®. _ , 

2054. Here we ſtand in negd of an Experiment àgain; therefore let the Height 
be given, to which the Body aſcends in the Fluid, with any given Velocity 
whatſoever; from this being known, we infer the Ratio between the Ac- 

* 2047, celeration from the reſpective Weight and the Retardation from Coheſion *; 
| and therefore the K atio of this Acceleration to this, taking away the Retar- 
dation. from Coheſion : And this is the Ratio, which is given between the 

Height, from which a Body falling iz vacuo acquires à Velocity, which 

| CEN gives 
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ives a Reſiſtance equal to the reſpective Weight, which Height is given v, * 1937.1938, 4 
= the Height from which a Body, falling 3 mos. the | ord , 937-1938. 
ſought QA T. + 374. 1965. bl 
But this Height being diſcover'd, we diſcover another alſo, namely, 2055. 18 
from which the Body falling in a Fluid, ſetting aſide the Reſiſtance from 
the ſecond Cauſe, would acquire the ſame Velocity QA; for the Height | 
in vacuo is to the Height in the Fluid, as the Retardation from the re- 
ſpective Weight, taking away the Retardation from the Caheſion of the | 
Parts, to the Retardation from the whole Weight *. Let us conceive this «101 f. | 
Height to be repreſented by the Line B A, 4 O will denote the Velocity ac- | 


quir*d, in falling in the ſame manner from the Height B. + 2009. 
Moreover, we ought to determine the Space, denoted by a certain known 2056. 


Portion of the right Line AR; which will be done, if we have regard to | 
this; that in the beginning of the Fall the Body is accelerated by the re- | 
ſpective Weight, taking away the Retardation from the firſt Cauſe, becaufe 1 
this Acceleration is equable: but that it is not retarded from the ſecond [ 
Cauſe, becauſe the Velocity is none; and that therefore the Velocity 5 O, 4 
in the firſt infinicely ſmall Moment, in falling from the Height which is re- | 
reſented by A a, is acquir'd as in the Motion mention'd in falling thro? | | 
855 and therefore B&H and A a, in different Lines, repreſent equal Spaces: 
but B is to Aa, or N, as B A is to A P, the Subtangent of the loga- ! 
rithmic Curve ; therefore B A and A P alfo denote equal Spaces ; and the | C 
Space, repreſented by the Subtangent, is /he Height, from which the Body 2057. 
falling in a Fluid, ſetting aſide the Refiſlance from the Inertia, can acquire tha 


greateſt Velocity. | 4 
Now when the Tables are to be made uſe of, it appears, that this Height | 
is to any given Height whatſoever, AG, as the Subtangent of the Tables, 08 


o, 43429, 44819 * is to the Number in the Tables, which expreſſes the given 8. | 
Height. This Number is the Logarithm of the Ratio B A and BG, which 2058.7 
Ratio is therefore given; wherefore the Ratio AB and BI is given alſo; f 7 
which is the Ratio of he Squares of the Velocities AQ and I K ||; that is, | quan; 
of the greateſt Velocity and of the Velocity, which a Body. really acquires in a Prop. 3. 
Fluid, in falling from the given Height A G f. + 2052. 


SCHOLIUM VIIL 
An Plufiration of fome Things relating to Retardation. 


TAN things relating to Retardations muſt be illuſtrated, which, 
whilſt they follow from what is demonſtrated before, yet do not 


teem to agree well together, or with what is demonſtrated before, at leaſt 

at firſt ſight : to-remove which: Scruples, and by removing which, to con- 

firm the Theories of Forces and Retardations the more, I thought proper 

to add this Scholium to the reſt. | ; 
Ihe firſt Scruple relates to what is ſaid in N. 2003, that. the Retardation 2059, 


and Acceleration, in every one of the infinitcly ſmall Moments, during the 
Moment, 
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2060. 


® 753. 


2061, 
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Moment, are equable; but there is a Difficulty with reſpect to the Ac- 
celeration, and it relates to the Agreement of this Propoſition with what is 
demonſtrated concerning innate Forces. 

Let us ſuppoſe a Body at reſt in a Fluid that is in motion; this commu- 
nicates to it an infinitely ſmall Velocity, in the firſt, infinitely ſmall Mo- 
ment : Let the Moment be divided into two equal Parts, in each of the 
equal Parts there is communicated an equal Velocity, by reaſon of the 
equable Acceleration; that is, in the fir!ii Cart only one, infinitely ſmall 
Degree of Force is communicated to the Body, and in the ſecond three 
ſimilar Degrecs * ; tho? the reſpective Action be not encreas'd, which ſcems 
impoſſible, 

To remove this Scruple, I ſay that we muſt diſtinguiſh between abſolute 
and ieſpective Actions. Whilſt we conſider theſe, in the Caſe of which we 
are ſpeaking, the Degrees of Velocity are equal, which are communicated, 


in equal Parts of an infinitely ſmall Moment, becauſe the reſpective Action 


2062. 
995. 


+ 956. 997. 
998. 


is not ſenſibly changed; moreover, if we have regard to the reipective Mo- 
tions, the Force that is impreſſed upon the Body, is not greater in the ſe- 
cond than in the firſt Part of the Moment : The Body, to which one De- 
gree of Velocity is ſuperadded, acquires only one Degree of Force in the 
Ship, in which the Body was at reſt, with what Velocity ſoever the Ship 
be carried. 

But in the Examination of the abſolute Actions, not only the reſpective 
Actions, but the abſolute alſo, muſt be conſider'd; as we before demon- 
ſtrated, when we treated of Colliſions “. The Body A mov'd with the Ve- 
locity a, running againſt the Body B, communicates a greater Force to it, 
if B be carried towards the ſame Part with A, than if it were at reſt t, tho? 
the reſpective Velocity in that Caſe be leſs, if the Velocity of the Body B 
does not exceed certain Limits. The Action upon the Body is different ac- 
cording to the different Force which it now has; and if it ſeems impoſſible 
that the ſame Body, mov'd in the ſame manner, and running againſt the 
ſame Body, ſhould communicate a greater Force to it in a certain Caſe, in 
which the reſpective Velocity is leſs, it muſt be referred to the, Theory of 
Forces, which is not well underſtood ; for it is manifeſt, that what is im- 
mediately prov'd by Experiments, cannot be accounted impoſſible; but we 
have ſufficiently illuſtrated the Matter “. 

When we undertake to determine Effects from Cauſes, we ought to have 
regard to the whole Effects. In the reſpective Action, it will be propor- 
tional to the whole reſpective Effect: If the Action be abſolute, we ought 
to conſider every Effect whatſoever; and the Cauſe anſwers to all the Ef- 
fects join'd. | 

It is manifeſt that theſe things ought to be referred to the Actions of 


Fluids; and as the Changes of the reſpective and abſolute Actions do not 


fallow the ſame Ratio, it plainly appears that the ſame Ratio can't take 
place in the reſpective and abſolute Effects alſo. 


The ſecond Scruple, to be remov'd in this Scholium, relates to the Re- 


tardation from the firſt Cauſe, which we demonſtrated to be 1 94 
; | | whence 
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whence it follows from the Action, ariſing from the Coheſion of Parts, 


which we explain'd above +, that an equal Velocity is communicated to a + 1896. 
Body at reſt, in an equal Time, with what Velocity ſoever the Fluid runs 
againſt it . | | | EE 
But this does not ſeem to agree with what is before demonſtrated ; for 
we have ſeen that a Body ſuffers a Preſſure from the Action, ariſing from 
the Coheſion of Parts, when it is kept in its Place, which is encreas'd with 
the Velocity“; and we have demonſtrated with regard to Preſſure in ge- * 188.1911. 
neral, that it communicates a Velocity, to a Body at reſt, in a determin'd 
and infinitely ſmall Moment, which follows the Ratio of the Preſſure itſelf ||. | 133: 355. 
We have given above * the Foundation of the reaſoning, whereby we 2065. 
think this Difficulty is remoy'd ; we ſhall now more clearly explain the * 1956. 
Reaſoning itſelf. | 
We ſaid that we muſt diſtinguiſh between the Preſſure, which immediately 
moves a Body, and the Preſſure which does not move a Body immediately. 
The firſt is treated of in N. 133. and its Demonſtration cannot be applied to | 
the Caſe, in which the Preſſure, which ſeparates the Particles, acts in ſuch . 
manner, as it ſhould to move the Obſtacle at the ſame time alſo. I 
This exerts Actions entirely different, as it acts upon immoveable, or [ 
moveable, greater or leſs Obſtacles. But to determine what relates to this L 
kind of Preſſure, what follows muſt be conſider'd. | 
The Action of the Fluid upon the Body, ariſing from the Coheſion of Plate EXIL. | 
Parts, is analogous and ſimilar to the Action, which Bodies as A, B, join'd Fig. . | 
by a Thread, exert upon the Body C, whilſt they paſs along by the Sides of N 
it, and break the Thread by their Action upon C“. * 1896. 
The Bodies A and B, as long as the Parts of the Thread cohere, preſs 1 
the Point C; the Thread being broke, the Preſſure ceaſes : but if imme- | 
diately two other ſimilar Bodies D and F, and after theſe G and H, Sc. 
preſs in the ſame manner, there will be given a Preſſure, which does not 
differ from the Preſſure of a Fluid, ariſing from Coheſion. Therefore it , 
will be ſufficient to demonſtrate, theſe Bodies being in motion, that in equal i 
Times an equal Velocity is communicated to the Body C, with what Ve- | 
locity ſoever the Bodies A, B, D, F, G, H, Sc. be carried, which we ſup- | 
poſe equal, and mov'd with equal Velocity; but that theſe Bodies exert a 1 
Preſſure upon an immoveable Obſtacle, which follows the Ratio of the Ve- | 
locity, with which they are carried. | | 
AJ Body, which is at reſt, or whoſe Velocity is given, gits the more the 2066. 1 
faſter it is accelerated; for whilſt it acquires a determinate Degree of Velo- 
city, a determin'd Degree of Force is communicated to it; and whilit it 
acquires a determin'd Degree of Force, it exerts a determin'd Reſiſtance“: * 361. 
This therefore is the ſame, whether this Degree of Force be communicated 
lower or faſter, namely, if we conſider the whole Reſiſtance. For the 
| fame Reaſon, the inſtantaneous Reſiſtance is the greater, the faſter the 
Body is accelerated ; for the whole Reſiſtance follows the Proportion of the 
inſtantaneous Reſiſtance, and of the Time, it laſted, Therefore if this 
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be diminiſhed, that will be to be increas'd, that the whole Refiſtance may 
be kept: but the Time is diminiſh'd in the Ratio, in which the Acceleration 
is encreas'd, and the inſtantaneous Ręſſſtance encreaſes with the Acceleration, if 
the whole Reſiſtance be determin'd. 218 | | 


When the Acceleration is equable, the Body reſiſts in the Ratio of the 
Velocity which it has *.. 

Therefore in general the inſtantaneous Reſiſtance of a Body, which is ac- 
2 is in a Ratio compounded of the Velocity, tobicb it bas, and the Ar- 
celeration. | 


Therefore if the inſtantancous Refiftance be conſtant, the Velocity of the Body 
is inverſely as the Acceleration. 

- This Propoſition is now to be applied to the Caſe of which we are 

eaking. 

F The Bodies A and B act upon the Body C, till the inſtantaneous Reſiſ- 
tance of this laſt, which alone can act contrary to the Preſſure, is equal to the 
Preſſure with which the Parts of the Thread cohere. The Acceleration con- 
tinues ſo long; but when this Equality is given, the Action ceaſes, and the 
Thread is broke ; and, whether the Bodies A and B be mov'd faſter or 
lower, the inſtantaneous Refiſtanee of the Body C is requir'd to be con- 
ſtant, which muſt be e to the Coheſion of the Parts of the Thread, that 
the Thread may be broke. But the faſter A and B are mov'd, the greater 
is the Acceleration, whilſt they draw the C; therefore the leſs is the 
Velocity communicated to C, whilſt the ad is broke . If, for ex- 


.ample, the Velocity of the Bodies A and B in one Cafe be triple of that in 


another, whilſt C is at reſt in each Cafe ; becauſe the Acceleration in the 
firſt Caſe is triple, a thitd Part of the Velocity only 1s communicated to 
the Body C, whilft the Action of the Bodies upon C continues. If this 
— of Velocity be ſmall, that the teſpeftive Action of the 1 
Bodies D and F may not differ ſenfibly, theſe will communicate an equal 
Degree of Velocity; and not till three Threads are broke will C have the 
Velocity, which it has, whilſt one Thread only is broke in the ſecond Caſe. 
But in the Tithe in which, in the ſecond Cafe, the Bodies A and B only 
paſs along by C, in the firſt Caſe A, B, and D, F, as G, H alſo pafs by, 
that is, three Threads are broke in the firſt Caſe, whilſt only one is broke 
im the ſecond, and in equal Times the equal Velocities mention'd are com- 
municated. Which was to be demonſtrated. Something like this we have 


21034. 1035 ſeen before, where we treated of the Collifion of Bodies *. 


2071. 


2072. 


It is a thing commonly known, that the leſs Velocity is communicated 
to a Body drawn by a Thread, whilft the Thread is broke, the faſter it is 
drawn; for this reaſon, if the Body be accelerated ſlowly, a great Velocity 
may be communicated to it, tho“ it be drawn by a ſmall Thread. 

When the Bodies A and B, in breaking the Thread, communicate 
Force to the Body C, they loſe fo much of their Forces, as they commu- 
nicate, and as is requir'd to break the Thread; therefore they loſe the leſs 
Force, the faſter they are moy'd. | 
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If the Obſtacle C cannot quit its Place, there is only one Effect of the 
Action of the Bodies A and B, and they loſe ſo much of their Force as 
is requir*d to break the Thread; and the Action, which that ſuffers which 
keeps C in its Place, is the fame for each of the Threads which are broke. 
In the foregoing Caſe, the lower the Bodies A and B are mov'd, the longer 
they act before C reſiſts ſo much as is requir'd, that the Thread may be 
broke; but in this Caſe, at the very Moment when the Thread comes to 
the Body C, this Reſiſtance is given: Wherefore in this Caſe the Action, 
which C ſuffers, follows the Ratio of the Threads, broke in a determin'd 
Time, that is, of the Velocity of the Bodies, Which was to be demon- 
ſtrated alſo. | | 


The End of the Firſt Volume. 
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